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PREFACE 


The  states  of  Arizona  and  New  Mexico  requested  the  United  Stated  Department  of 
Agriculture,  including  the  Soil  Conservation  Service,  the  Forest  Service,  and 
Economic  Research  Service,  to  participate  in  a  cooperative  river  basin  study 
of  the  Little  Colorado  River  Basin.  The  Arizona  Department  of  Water  Resources 
served  as  the  lead  agency  for  the  state  of  Arizona  and  for  New  Mexico  it  was 
the  State  Engineer's  Office. 

The  study  was  completed  pursuant  to  Section  6  of  the  Watershed  Protection  and 
Flood  Prevention  Act  (Public  Law  566,  83rd  Congress,  68  Stat.,  666,  as  amended 
and  supplemented) .  The  results  of  the  study  were  initially  published  in  12 
working  papers  which  received  limited  distribution.  These  included:  Description 
of  Basin,  Socio-Economic  Base,  Irrigation,  Hinlcipal  and  Industrial  Water 
Supply,  Rural  Domestic  and  Livestock  Water  Supply,  Development  of  Surface 
Water  Resources,  Surface  Water  Budgets  (Including  Pumped  Groundwater) ,  Erosion 
and  Sediment,  Flooding,  Recreation,  Fish  and  Wildlife,  and  Timber.  The 
working  papers  were  combined  into  four  appendices  which  supplement  and  support 
the  Summary  Report.  Titles  and  subsections  of  each  appendix  are  given  below 
and  data  from  the  appendices  are  summarized  in  the  "Findings  and  Conclusions" 
section  of  this  report. 


APPENDIX  I:  DESCRIPTION  OF  BASIN 


Section  1:  Physical  Description 
Section  2:  Socio-Economic  Base 
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The  Summary  Report  with  its  accompanying  appendices  present  and  analyze  resource 
data  that  would  offer  solutions  to  problems  and  assist  decision  makers  in  the 
orderly  development  of  water  and  related  land  resources  of  the  Basin.  The 
Summary  Report  contains  a  limited  description  of  the  basic  resources,  problems, 
and  analyses  made  during  the  study.  Although  a  Basin-wide  comprehensive  plan 
was  not  developed,  alternatives  were  developed  for  selected  items  that  appear  to 
have  a  good  possibility  of  being  implemented  with  USDA  assistance,  under  such 
authorities  as  Public  Law  566,  Resource  Conservation  and  Development,  or  Public 
Law  46,  with  special  cost-sharing  arrangements  in  the  Agriculture  Conservation 
Program.  These  items  include:  irrigation,  recreation,  erosion  and  sediment,  and 
flooding.  Other  study  items  were  inventoried  and  resource  data  presented  with 
reference  to  capabilities  and  limitations. 

The  results  of  the  study  can  be  used  by  county  and  city  governments,  natural 
resource  conservation  districts,  planning  commissions,  councils  of  government, 
and  other  local  groups  in  planning  land  use  and  setting  priorities  for 
allocation  of  resources.  The  U.S.  Department  of  Agriculture  can  use  the  study 
results  as  a  basis  for  directing  its  efforts  in  cooperation  with  natural  resource 
conservation  districts,  soil  and  water  conservation  districts,  watershed  groups, 
and  other  resource  development  groups. 

Many  federal  and  state  agencies,  local  organizations  and  groups  and  individuals 
have  contributed  to  the  study  by  providing  council  and  information,  and  by 
participating  in  public  meetings.  Their  cooperation  and  assistance  is  appreciated 
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LITTLE  COLORADO  RIVER  BASIN 
COOPERATIVE  STUDY 


ERRATA  SHEET 


1.  Effective  July  1,  1981,  Valencia  County,  New  Mexico,  was  divided  into 
two  counties.  That  portion  within  the  Little  Colorado  River  Basin 
became  Cibola  County. 

2.  In  June  1981,  the  Economics  and  Statistics  Service  was  reorganized  to 
form  the  Economic  Research  Service  and  the  Statistical  Reporting 
Service. 

3.  The  Arizona  Water  Commission  is  now  the  Arizona  Department  of  Water 
Resources . 
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SUMMARY 


The  Little  Colorado  River  Basin  covers  an  area  of  approximately  17.2  million 
acres  or  26,964  square  miles;  21,667  square  miles  in  northeastern  Arizona  and 
5,297  square  miles  in  northwestern  New  Mexico.  The  climate  is  characterized 
by  mild  summers  and  cold  winters.  Mean  annual  precipitation  is  between  8  and 
12  inches  in  the  valleys  and  plateaus,  and  16  to  24  Inches  in  the  forested 
parts  of  the  mountains.  The  topography  is  varied  and  diverse.  The  Basin  is 
a  scenic  area  of  volcanic  peaks,  forested  mountains  and  plateaus,  rolling 
hills  and  plains,  with  multihued  crags  and  cliffs  cut  by  huge  canyons. 
Vegetative  cover  consists  of  dense  mountain  forest,  grasslands  and  nearly 
barren  desert. 

The  Basin  has  many  land  and  water  resource  problems.  About  77  percent  of  the 
land  is  either  owned  or  is  under  the  control  of  federal  or  state  government (s) 
Only  23  percent  is  in  private  ownership.  The  checkerboard  pattern  on  much  of 
the  state,  BLM  and  national  forest  lands  has  made  it  difficult  to  effectively 
manage  these  lands.  The  basic  policy  of  the  Forest  Service  has  been  to 
exchange  or  purchase  lands  that  will  tend  to  consolidate  or  "block-in"  the 
national  forests  to  make  the  management  of  these  lands  more  effective. 

One  of  the  major  land  resource  problems  in  the  Basin  is  soil  erosion.  Severe 
erosion  is  occurring  in  some  of  the  alluvial  valleys  and  on  the  valley  slopes 
of  the  Little  Colorado,  Puerco  and  Zuni  Rivers.  About  5,300  miles  of  channel 
bank  are  experiencing  moderate  to  severe  erosion.  USDA  presents  two  alter¬ 
native  resource  improvement  plans  to  reduce  soil  erosion,  protect  water 
quality  and  improve  productivity,  wildlife  and  esthetics.  Planned  elements 
for  the  two  alternatives  are  presented  in  Tables  10  and  11. 

Eight  areas  in  Arizona  and  two  areas  in  New  Mexico  were  identified  as  having 
continuing  flood  problems.  None  of  these  areas  proved  to  be  feasible  to 
treat  under  project  type  action  using  USDA  authorities.  In  all  cases,  the 
costs  of  significantly  reducing  or  eliminating  the  flood  problems  exceeded 
the  monetary  benefits. 

Major  recreational  problems  include:  limited  access  to  the  areas  that  are 
suitable  for  recreational  use,  lack  of  awareness  of  recreational  opportunities 
overcrowding  of  known  facilities,  and  vandalism. 

The  Forest  Service,  through  its  Road  and  Trail  Development  Program,  is 
continually  opening  new  areas  and  providing  improved  access  to  existing 
desirable  areas.  The  Forest  Service  also  has  an  extensive  public  information 
program  that  can  disseminate  information  about  recreational  opportunities. 
However,  many  recreational  opportunities  still  exist  on  national  forests  that 
are  not  generally  known  to  the  public.  The  Forest  Service  should  expand  its 
public  information  program. 

There  are  five  sites  that  have  potential  for  water-based  recreational 
development.  These  include:  Woodruff  Lake,  Woodruff  Dam  (Reservoir), 

Ganado  Lake,  Red  Lake,  and  McHood  Park.  All  of  these  sites  have  favorable 
benefit  cost  ratios  and  are  within  the  Little  Colorado  River  Plateau 
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Resource  Conservation  and  Development  (RC&D)  Area.  The  RC&D  Program  could 
provide  planning  and  implementation  assistance  to  each  of  these  areas. 

The  intensity  of  wildlife  management  and  habitat  conservation  practices  is 
dependent  on  the  objectives  of  the  principal  landowners  and/or  management 
agencies.  Certain  management  practices  may  meet  more  than  one  objective. 

For  example,  water  development  and  range  seeding  can  benefit  both  cattle 
grazing  and  wildlife  habitat. 

Riparian  zones  occupy  relative  small  areas,  but  are  very  important  to  wild¬ 
life.  Their  importance  is  indicated  by  wildlife  use  being  disproportionately 
more  in  these  areas  than  any  other  type  of  habitat.  These  sites,  however, 
are  also  used  by  cattle;  some  are  highly  productive  timber  sites;  and 
recreationalists  concentrate  their  use  in  such  areas.  To  protect  these  areas, 
livestock  grazing  must  be  managed  so  as  to  maintain  adequate  vegetative 
cover  and  water  quality  to  meet  wildlife  requirements.  In  some  cases  this 
will  require  total  livestock  exclusion,  in  other  cases  deferred  and/or 
alternate  seasonal  grazing  would  be  compatible  with  wildlife  needs.  Human 
activities  also  must  be  managed  so  as  to  prevent  or  minimize  the  disturbance 
to  the  habitat. 

There  are  70  miles  of  streams  and  6,580  surface  acres  of  ponds,  reservoirs 
and  lakes  currently  suitable  for  fishing.  Some  possible  opportunities  for 
improving  recreational  fishing  include:  watershed  management  to  minimize 
siltation  in  lakes,  management  of  irrigation  reservoirs  for  fish  production 
and  recreation,  construction  of  new  fishing  lakes,  deepening  shallow  lakes, 
eradication  of  trash  fish  and  waterweed,  and  improve  grazing  and  timber 
harvest  techniques  to  maintain  desirable  vegetation  cover  along  streamside 
zones . 

Opportunities  exist  for  forest  lands  to  contribute  more  fully  and  effectively 
to  meeting  demands  for  wood  products.  Timber  stand  improvement  (TSI)  includes 
a  variety  of  management  practices  to  change  stand  conditions.  Cost  sharing 
programs  are  available  to  private  landowners  to  provide  tree  seedlings  for 
reforestation,  windbreaks,  and  Christmas  tree  plantations.  Critical  manage¬ 
ment  activities  for  the  Basin  involve  prevention  and  control  of  wildfires 
and  protection  of  forest  against  disease  and  Insects.  Because  most  of  the 
areas  desirable  for  wilderness,  recreation  and  other  uses  are  on  timber  lands, 
future  timber  production  and  utilization  in  some  areas  may  be  severely 
curtailed  or  halted  to  meet  other  requirements. 

Water  is  scarce  in  the  Basin;  scarce  in  the  sense  that  not  everyone  can  use 
as  much  as  he  wants  under  the  prevailing  conditions.  Water  for  irrigation  is 
short  in  some  years.  There  is  very  little  opportunity  to  increase  water 
supplies  through  the  construction  of  new  reservoirs  because  of  existing  water 
rights;  however,  there  is  a  potential  for  improvement  in  the  use  of  existing 
supplies  by  system  improvements  and  better  irrigation  water  management.  There 
are  three  areas  in  Arizona  (West  Taylor,  Springerville,  and  Pinetop-Woodland) 
that  have  potential  for  development  as  Resource  Conservation  and  Development 
Projects  Measures. 

Communities  of  the  Basin  have  been  and  will  be  faced  with  problems  of  water 
shortage.  Storage  and  distribution  systems  are  Inadequate  in  some  areas. 
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Data  was  obtained  in  41  separate  communities.  Of  these,  30  are  in  need  of 
replacement  and/or  modification  (expansion)  of  their  distribution  systems; 

26  need  additional  water  storage  for  fire  protection;  and  22  need  their  water 
supplies  augmented. 

Rural  domestic  and  livestock  water  supplies  are  also  Inadequate  in  some 
areas.  Most  of  the  water  used  for  rural  domestic  purposes  is  obtained  from 
pumped  groundwater.  A  "Groundwater  Availability  Map",  developed  as  part  of 
this  study  (see  Appendix  II) ,  gives  a  general  Indication  of  the  available 
groundwater  supply(les)  and  its  quality.  The  possibility  of  increasing  live¬ 
stock  water  has  been  improved  with  the  introduction  of  artificial  catchment 
basins  and  the  increased  use  of  wells,  pipelines  and  watering  troughs. 

There  is  very  little  opportunity  to  construct  quality  reservoirs  in  the  Basin. 
Water  is  scarce  and  oversubscribed  in  some  areas.  Most  of  the  good  sites  have 
already  been  developed.  However,  there  are  26  sites  studied  by  USDA  that  may 
have  potential  for  future  construction.  These  Include  9  irrigation/recreation 
reservoirs,  13  single  purpose  recreation  reservoirs,  1  site  for  the  possible 
utilization  of  intermittent  storage  in  closed  basins,  and  3  single  purpose 
sediment  control  sites.  Although  all  these  sites  offer  potential,  it  may  be 
that  resources  would  most  profitably  be  devoted  to  Improving  existing 
facilities  rather  than  creating  new  ones. 

Water  budgets  were  developed  for  18  selected  water  use  areas  (WUA)  and  for 
the  Total  Basin.  They  are  based  on  the  best  estimates  of  water  supply,  water 
use  and  (stream)  outflow.  Data  is  presented  for  both  present  (1975)  and 
future  (1990,  2000  and  2020)  conditions. 

DESCRIPTION  OF  BASIN 


PHYSICAL  DESCRIPTION 

The  Little  Colorado  River  Basin  includes  those  areas  of  Arizona  and  New  Mexico 
drained  by  the  Little  Colorado  River  and  its  tributaries.  About  80  percent  of 
the  study  area  is  in  Arizona  and  includes  parts  of  Coconino,  Navajo  and 
Apache  Counties.  About  20  percent  is  in  New  Mexico  and  Includes  parts  of  San 
Juan,  McKinley,  Valencia  and  Catron  Counties.  The  area  is  noted  for  highly 
erodible  soils,  long  nearly  barren  slopes,  sediment-laden  washes  and  wind¬ 
blown  sand.  The  study  area  is  bound  on  the  east  by  the  Rio  Grande  Basin, 
on  the  south  by  the  Gila  River  Basin  and  on  the  north  by  the  San  Juan  Basin. 
The  Little  Colorado  River  joins  the  Colorado  River  in  the  Grand  Canyon  on  the 
northwest  edge  of  the  Basin  (see  Location  Map) . 

The  Basin  is  about  245  miles  long  and  158  miles  wide  at  the  widest  point.  The 
mainstem  of  the  Little  Colorado  River  is  entirely  in  Arizona,  has  a  channel 
length  of  356  miles  and  total  drop  of  about  6,300  feet  from  its  head  in  the 
White  Mountains  to  its  confluence  with  the  Colorado  River. 


1/  A  detailed  description  of  the  Basin,  including  socio-economic  base,  is 
given  in  Appendix  I. 
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About  0.23  percent  of  the  Basin  (39,020  acres)  Is  cropland  (.20  percent,  or 
34,820  acres,  of  the  area  is  irrigated  cropland).  In  Arizona,  most  of  the 
cropland  (29,870  acres)  is  Irrigated;  whereas  in  the  New  Mexico  portion  only 
about  54  percent  (4,950  acres)  is  irrigated.  Approximately  59  percent  of  the 
area  (10,283,280  acres)  is  rangeland  with  either  grass  or  grass-shrub  vege¬ 
tation;  39  percent  (6,725,960  acres)  is  forest  or  woodland;  and  1  percent 
(208,700  acres)  is  urban,  remote  subdivisions  or  water. 


Approximately  10  percent  of  the  Basin  is  State  Trust  Lands;  4  percent  is 
federal  land  administered  by  the  Bureau  of  Land  Management;  14  percent  is  in 
the  national  forests;  1  percent  is  other  federal  lands;  48  percent  is  Indian 
Reservations;  and  23  percent  is  privately  owned.  (See  Land  Ownership  Map.) 

The  climate  is  arid  in  the  lower  elevations  and  subhumid  in  the  mountains. 
Precipitation  averages  eight  Inches  per  year  on  the  drier  parts  of  the  plains 
to  32  inches  in  the  mountains.  (See  Normal  Annual  Precipitation  Map.) 

Rainfall  is  characteristically  erratic,  ranging  from  an  entire  lack  of 
precipitation  for  long  periods  to  storms  of  exceedingly  high  intensity.  The 
mean  annual  temperature  is  55* F.  at  Winslow  and  Tuba  City  to  46*F  at  Flagstaff. 
Temperature  extremes  in  the  area  have  ranged  from  over  100  F.  to  less  than 
-50*  F. 


The  Little  Colorado  River  Basin  is  in  the  Colorado  Plateau  physiographic 
province.  Most  of  the  area  consists  of  dissected  plains  over  sedimentary 
bedrock.  It  comprises  plateaus,  valleys,  buttes  and  mesas.  The  general 
surface  is  Interrupted  locally  by  high  volcanic  mountains  and  deeply  incised 
canyons.  Locally  along  the  Little  Colorado  River  are  large  areas  of  geologically 
eroding  shale,  mudstone  and  sandstone,  forming  what  is  known  as  the  "Painted 
Desert"  (badlands) . 

The  highest  elevations  are  the  result  of  uplift  and  volcanic  activity.  The 
highest  mountains  in  the  Basin  are  the  White  Mountains  (Baldy  Peak,  11,403  feet) 
and  the  San  Francisco  Peaks  (Humphrey's  Peak,  12,633  feet).  The  lowest 
point  in  the  Basin  is  about  2,900  feet  in  the  gorge  of  the  Little  Colorado 
River  at  its  junction  with  the  Colorado  River. 

The  Basin  contains  parts  of  four  major  land  resource  areas.  The  Colorado  and 
Green  River  Plateaus  extend  over  most  of  the  Basin.  A  minor  amount  of  the 
Sonoran  Basin  and  Range  is  at  the  confluence  of  the  Little  Colorado  and  the 
Colorado  Rivers.  The  Arizona  and  New  Mexico  mountains  extend  over  the 
mountainous  southern  and  eastern  parts,  and  the  New  Mexico  and  Arizona 
Plateaus  and  Mesas  occupy  the  plains  of  New  Mexico  and  adjacent  parts  of 
Arizona. 

Most  of  the  soils  are  well  drained  and  alkaline.  A  major  part  of  the  upland 
soils  of  the  plains  are  developed  in  sediments  and  are  deep  with  sandy  loam 
surfaces.  The  rest  of  the  plains  soils  are  either  deep  clayey  soils  of  the 
flood  plains  or  shallow  soils  on  sandstone,  limestone  or  shale.  Much  of  the 
shale  is  saline  in  nature.  The  mountain  soils  are  generally  clayey  and 
shallow  to  moderately  deep  over  basalt,  ash  or  cinders.  The  plains  soils  are 
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generally  gently  rolling,  whereas  the  soils  of  the  mountains  are  moderately 
sloping  to  steep.  The  irrigated  areas  are  all  on  alluvial  sloped  or  flood 
plains.  (See  General  Soil  Map.) 

Vegetation  communities  vary  from  the  Great  Basin  Desert  Scrub  at  the  lowest 
elevations  to  the  Montane  Conifer  Forest  which  occurs  in  the  higher  elevation 
of  the  Basin.  Saltbush-grass  communities  occur  along  the  valleys  on  the  more 
alkaline  soils.  The  Juniper-Pinyon  Woodland  community  is  found  at  medium 
elevations.  Extensive  grassland  occurs  in  the  area  between  the  Great  Basin 
Desert  Scrub  and  the  Juniper-Pinyon  Woodland  communities.  (See  Vegetation 
Communities  Map.) 

Plant  cover  and  precipitation  are  correlated  with  elevation.  The  higher 
elevations  have  the  greatest  plant  cover,  highest  rainfall  and,  conversely, 
the  least  erosion,  with  the  notable  exception  of  the  Black  Mesa,  an  area  of 
incised  sedimentary  strata  with  high  erodibility.  Erosion  on  the  "badlands" 
is  dominantly  a  natural  geologic  process.  In  general,  erosion  is  most  serious 
in  the  plains  and  desert  grassland  areas. 

The  scenery  is  spectacular  and  includes  the  Petrified  Forest  National  Park, 
Painted  Desert,  Meteor  Crater,  San  Francisco  Peaks  and  the  White  Mountains. 
Nearby  are  Grand  Canyon  National  Park,  Glen  Canyon  National  Recreation  Area, 
Rainbow  Bridge  National  Monument,  Monument  Valley  and  Canyon  de  Chelly 
National  Monument. 


SOCIO-ECONOMIC  BASE 

The  economy  of  the  Basin  was  originally  founded  on  livestock  production  and 
forestry.  In  recent  decades,  forest  products  and  tourism  have  contributed  a 
large  share  to  the  income  of  the  people.  Other  important  sectors  are: 
government,  manufacturing,  mining,  public  utilities,  agriculture  and  construc¬ 
tion.  Recreation  and  hunting  are  also  important. 

Coal,  natural  gas,  helium,  uranium,  vandium,  bentonite,  halite  and  sand  and 
gravel  are  the  most  important  mineral  resources  being  mined  in  the  Basin. 
Silicate,  diatomaceous  earth,  limestone,  manganese  and  potash  deposits  are 
known  but  are  not  being  mined. 

Interstate  Highway  40  runs  the  entire  length  of  the  Basin  and  is  traveled  by 
more  than  a  million  cars  annually.  The  mainline  Santa  Fe  Railway  between 
Kansas  City  and  Los  Angeles  follows  the  same  general  route. 

The  principal  communities  are  Flagstaff,  Winslow  and  Holbrook  in  Arizona, 
and  Gallup  in  New  Mexico.  All  are  situated  along  Interstate  Highway  40. 

Other  communities  include  Snowflake,  Show  Low,  St.  Johns,  Springerville, 

Eagar  and  Window  Rock  in  Arizona;  and  Quemado  and  Zuni  in  New  Mexico. 

The  population  is  expected  to  grow  from  about  162,200  in  1975  to  around 
426,000  in  2020  (Table  1).  This  growth  can  be  partially  attributed  to  a 
general  trend  of  migration  from  north  and  northeastern  urban  areas  to  rural 
areas  of  the  sunbelt  states.  In  McKinley  and  Valencia  Counties  of  New  Mexico 
the  higher  national  demand  for  coal  and  uranium  will  also  contribute  to 
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TABLE  1 


POPULATION  INSIDE  AND  OUTSIDE  LITTLE  COLORADO  RIVER  BASIN 
BY  COUNTY,  1975  AND  PROJECTIONS 

(COUNTYWIDE  &  BASIN  DATA) 


Item 

1975 

1990 

2000 

2020 

1  nnn  * 

S  ^ 

Apache  County,  AZ 

41.0 

64.9 

79.0 

95.9 

In 

23.9 

34.0 

41.7 

53.8 

Out 

17.1 

30.9 

37.3 

42.1 

Coconino  County,  A2 

67.3 

108.8 

137.6 

180.1 

In 

48.0 

75.5 

93.0 

125.0 

Out 

19.3 

33.3 

44.6 

55.1 

Navajo  County,  AZ 

59.0 

91.0 

114.2 

149.6 

In 

49.0 

74.4 

91.2 

114.6 

Out 

10.0 

16.6 

23.0 

35.0 

ARIZONA  TOTAL 

167.3 

264.7 

330.8 

425.6 

In 

120.9 

183.9 

225.9 

293.4 

Out 

46.4 

80.8 

104.9 

132.2 

Catron  County,  NM 

2.3 

5.9 

9.3 

11.9 

In 

.5 

.5 

.6 

.6 

Out 

1.8 

5.4 

8.7 

11.3 

McKinley  County,  NM 

51.2 

70.8 

88.2 

145.0 

In 

39.8 

60.5 

76.2 

130.0 

Out 

11.4 

10.3 

12.0 

15.0 

Valencia  County,  NM 

46.0 

25.9 

86.5 

147.4 

In 

1.0 

1.0 

1.0 

2.0 

Out 

45.0 

74.9 

85.5 

145.4 

NEW  MEXICO  TOTAL 

99.5 

152.6 

184.0 

304.3 

In 

41.3 

62.0 

77.8 

132.6 

Out 

58.2 

90.6 

106.2 

171.7 

SIX  COUNTY  TOTAL 

266.8 

417.3 

514.8 

729.8 

In 

162.2 

245.9 

303.7 

426.0 

Out 

104.6 

171.4 

211.1 

303.9 

Source:  Arizona  Department  of  Water  Resources  with  adjustments  by 
USDA-ERS  to  reflect  population  Inside  the  Little  Colorado 
River  Basin. 
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Nofe: 

The  boundory  os  shown  for  the  Hop!  Indian  Reservotion  does 
not  reflect  division  of  the  joint  use  oreo  resulting  from  the 
Novojo -Hopi  Settlement  Act  of  Dec.  22,  1974,  P.  L.  93-531. 

Final  bdundories  hove  not  been  determined  os  of  this  printing. 

Source: 

Bose  mop  prepored  by  SCS,WTSC  Corto  Unit  from  USGS  1:500,000  series. 
Themotic  detail  compiled  by  state  staff. 


Eoch  area  outlined  on  this  mop  consists  of  more  than 
one  kind  of  soil.  The  mop  is  thus  meont  for  general 
plonning  rather  thon  o  bosis  for  decisions  on  the  use 
of  specific  trocts. 


GENERAL  SOIL  MAP 

LITTLE  COLORADO  RIVER  BASIN 

ARIZONA  AND  NEW  MEXICO 


1979 


20  MILES 


22  Calciustol Is-Haplustolls-Argiustol Is 

Shallow  to  moderately  deep,  loamy  and  clayey,  undulating  to  sloping 
soils  of  basalt  controlled  mesas  and  cinder  cones. 


23.  Argiustol  Is-Chromusterts 

Shallow  to  deep,  clayey,  nearly  level  to  sloping  soils  of  basalt 
plains  and  hills. 

24  Torrif luvents-Haplargids-Haplustol Is 

Deep,  loamy  and  clayey,  level  to  sloping  soils  of  the  flood  plains 
and  plains . 

25  Argiustol Is-Haplustal fs-Rock  outcrop 

Shallow  to  deep,  loamy  and  clayey,  level  to  sloping  soils  and  rock 
outcrop  of  basalt-capped  mesas. 


MODERATELY  DARK  AND  DARK-COLORED  SOILS  OF  THE  COOL  TO  COLD  MOUNTAIN 
REGION  -  MESIC  AND  FRIGID 


20  Haplustolls-Haplustalfs 

Shallow  to  moderately  deep,  loamy  and  clayey,  undulating  to  steep 
soils  of  the  hills. 


27  Argiustol 1 s -Hapl us talfs -Us tochrepts 

Deep,  loamy  and  clayey,  sloping  to  rolling  soils  of  hills. 

20  Eutroboral  fs-Haplustal  fs -Ustorthents 

Shallow  to  deep,  loamy  and  clayey,  undulating  to  very  steep  soils 
of  mountains. 


29  Rock  out crop-Hapl us tol Is- Argiustol Is 

Shallow,  loamy  and  clayey,  rolling  to  very  steep  soils  of  hills. 

3Q  Eutroboral  fs-Argiborolls 

Shallow  to  moderately  deep,  loamy  and  clayey,  sloping  to  steep 
soils  of  the  mountains. 


31  Eut  roboralfs -Ustorthents 

Shallow  to  deep,  loamy  and  clayey,  sloping  to  steep  soils  of 
the  mountains . 


APACHE  CO 

ARIZONA 


LOCATION 


MAP 


Torriorthents-Camborthids-Torrif luvents 

Moderately  deep  to  deep,  loamy,  level  to  undulating  soils  of  the 
uplands  and  flood  plains. 

To rri orthen ts -Hapl argids- Rock  outcrop 

Shallow,  loamy  and  clayey,  level  to  rolling  soils  and  rock  out¬ 
crop  of  the  plateaus. 

Torriorthents-Rock  outcrop- Hapl argids 

Shallow,  loamy  and  clayey,  sloping  to  steep  soils  and  rock 
outcrop  of  the  hills. 

Rock  outcrop-Torriorthents-Haplargids 

Rock  outcrop  and  shallow  to  deep,  loamy,  level  to  steep  soils  of 
the  canyons  and  plains. 

Haplargids-Torripsamments-Torri fluvents 

Deep,  loamy  and  sandy,  level  to  undulating  soils  of  the  plains 
and  flood  plains, 

Torriorthents-Rock  outcrop 

Shallow,  loamy,  sloping  to  rolling  soils  and  rock  outcrop  of  the 
dissected  plateaus, 

Camborthids-Torriorthents 

Shallow  to  deep,  loamy  and  clayey,  undulating  to  sloping  soils 
of  the  plains  and  hills. 

Hapl argids-Torriorthents-Rock  outcrop 

Shallow  to  deep,  loamy  and  clayey,  level  to  rolling  soils  and 
rock  outcrop  of  the  plains  and  hills. 

Hapl argids 

Deep,  loamy  and  clayey,  level  to  sloping  soils  of  the  plains. 

LIGHT  AND  MODERATELY  DARK  COLORED  SOILS  OF  THE  COOL  PLATEAU 
REGION  -  MESIC 

Argiustol Is-Haplustalfs 

Shallow  to  moderately  deep,  clayey,  undulating  to  sloping  soils  of 
the  hills . 


Argiboro 1 Is -Cryoborol Is -Ustorthents 

Moderately  deep  to  deep,  loamy,  sloping  to  steep  soils  of  the 
mountains . 

Eutroboralfs 

Moderately  deep  and  deep,  clayey,  level  to  sloping  soils  of  the 
mountains . 


j  Cryoborol Is 

Deep  and  moderately  deep,  loamy  and  clayey,  level  to  sloping  soils 
of  the  mountain  meadows. 

ly  Texture  refers  to  the  subsoil  or  underlying  layer  between  10-40 
inches  or  a  restricting  layer. 
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light  COLORED  SOILS  OF  THE  WARM  DFSERTIC  REGION  -  THERMIC 


Torriorthents-Camborthids-Rock  outcrop  12 

Shallow  and  moderately  deep  loamy  1/,  sloping  to  steep  soils 
and  Rock  outcrop  of  the  canyons  anJ  mesas. 

LIGHT  COLORED  SOILS  OF  THE  COOL  PLATEAU  REGION  -  MESIC  13. 

Badland-Torriorthents -To rri fluvents 

Badland  and  shallow  and  deep,  loamy  and  clayey,  nearly  level 

to  very  steep  soils  of  dissected  hills  and  flood  plains.  |4, 

To rriort hen ts -To rri fluvents 

Shallow  and  deep,  loamy,  level  to  rolling  soils  of  hills  and 

flood  plains.  15. 

Torripsamments -Torriorthents-Rock  outcrop 

Deep,  sandy  and  loamy,  level  to  rolling  soils  and  rock  outcrop 

of  the  plains  and  hills.  16. 

Torrifluvents 

Deep,  loamy  and  clayey,  level  soils  of  the  flood  plains  and 

alluvial  fans.  17. 
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Note; 

The  boundory  os  shown  for  the  Hopi  Indian  Reservation  does 
not  reflect  division  of  the  joint  use  area  resulting  from  the 
Novajo  -  Hopi  Settlement  Act  of  Dec ,  22,  1974,  P.L.  93-531 
Fiool  boundaries  hove  not  been  determined  os  of  this  printing. 


Source: 

Bose  mop  prepored  by  SCS,WTSC  Corto  Unit  from  USGS  1:500,000  series. 

Biotic  Communities  of  the  Southwest,  by  Dovld  E.  Brown  ond  Charles  H,  Lowe. 

Mop  published  In  1978  through  Rocky  Mountlan  Forest  ond  Range  Experiment 
Stotlon,  USDA  Forest  Service.  General  Technicol  Report  RM-41 

Severol  omendments  to  the  Brown  ond  Lowe  mop  were  mode  bosed  on  Information  from: 
Arizono  Lond  A4orks,  Volume  7,  Book  5,  1977,  Arizona  Stote  Lend  Department. 

Forest  Type  Mop  of  Novojo  Notion,  Bureau  of  Indian  Affairs,  Window  Rock,  Arizorto. 
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Alpine  Tundra 
Spruce -Alpine  Fir  Forest 
Montane  Conifer  Forest 
Juniper- Pinyon  Woodlond 
Plains  and  Desert  Grassland 
Mountain  Meadow  Grosslond 

Greot  Basin  Desert  Scrub 

Hydrolagic  Unit  Code 
US  Woter  Resource  Council 


NOTE:  Description  of  vegetation  communities  ore  In  the  Fish  ond  Wildlife 
Section  of  the  report. 
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population  increase.  In  Coconino  County,  Arizona,  there  will  be  significant 
growth  in  tourism,  education  (Northern  Arizona  University) ,  lumbering  and 
manufacturing.  Recently  there  has  been  an  increase  in  second  homes  in  some 
of  the  scenic  areas.  This  trend  could  be  seriously  dampened  if  gasoline 
costs  continue  to  increase. 

The  expansion  or  new  construction  of  electric  generating  stations  is  currently 
stimulating  the  economies  of  certain  areas  of  Navajo  and  Apache  Counties.  The 
Arizona  Public  Service  Company  is  adding  a  fifth  unit  at  its  site  two  miles 
east  of  Joseph  City,  Arizona.  The  Salt  River  Project  is  constructing  a  new 
facility  north  of  St.  Johns,  Arizona,  and  the  Tucson  Electric  Power  Company  is 
constructing  the  first  of  three  units  to  be  built  at  a  site  10  miles  north  of 
Sprlngerville,  Arizona.  These  are  all  coal-fired  plants  that  will  result  in 
a  fairly  strong  multiplier  linkage  to  the  rest  of  the  economy. 

Coconino,  Navajo  and  Apache  Counties  account  for  $52,000,000  of  Arizona’s 
$97,000,000  of  taxable  income  from  timber  sales.—'  This  industry  is  very 
Important  in  the  Basin’s  economy.  However,  its  expansion  depends  largely  on 
improvements  in  management  that  bring  about  increased  production  per  acre. 

Much  of  the  timber  harvest  is  controlled  by  the  U.S.  Forest  Service,  based  on 
long-term  conservation  and  management  goals. 

There  may  be  opportunities  for  expansion  of  timber  industries.  Such  expan¬ 
sion,  utilizing  local  raw  materials,  would  have  a  higher  economic  multiplier 
effect  than  expansion  in  an  industry  which  must  purchase  raw  materials  from 
outside  the  Basin.  For  the  same  reason,  growth  in  the  construction  sector 
which  utilizes  locally  produced  timber  products  would  have  a  good  multiplier 
effect  on  the  rest  of  the  economy.  An  example  would  be  more  home  building  due 
to  Increases  in  either  the  permanent  or  seasonal  population. 

The  value  of  the  main  crops  produced  in  the  six  major  counties  in  1978 
(excluding  San  Juan  County,  New  Mexico),  according  to  rank  by  value  of  pro¬ 
duction,  were  hay  ($3,900,000),  corn  ($639,000),  and  sorghum  ($242,000).  Most 
of  the  crop  production  shown  for  New  Mexico  counties  was  outside  the  Basin. 

Range  cattle  production  is  the  main  livestock  enterprise.  Value  of  production 
for  the  entire  six  counties  in  both  states  dropped  from  about  $82 
million  in  1974  to  about  $63  million  in  1978.  Much  range  is  overgrazed  and 
cattle  numbers  should  be  adjusted  to  balance  grazing  with  forage  production. 
Grazing  systems  should  be  applied  to  Improve  the  condition  of  the  various 
range  sites. 

Sheep  production  is  also  important  in  both  states.  The  value  of  sheep  produced 
in  the  three  Arizona  counties  in  1974  was  about  $6  million;  in  New  Mexico, 
about  $3.7  million.  In  1978  these  figures  had  increased  to  $7.4  million  and 
$5.7  million,  respectively. 


Arizona  Statistical  Abstract,  1979. 
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Councils  of  Government’s  staff  people  are  available  in  both  Arizona  and  New 
Mexico  to  assist  city  and  county  officials  to  foresee  and  plan  for  orderly 
growth.  They  also  help  communities  locate  sources  of  funds  to  help  meet  local 
needs.  The  RC&D  Program  coordinated  by  the  Soil  Conservation  Service  also 
can  assist  in  planning  and  locating  financial  support  for  community  resource 
conservation  and  development  projects. 

PROBLEMS  AND  NEEDS 


LAND  USE  AND  ADMINISTRATION 

There  is  competition  for  land  among  urban,  industrial,  agricultural,  grazing, 
timber,  wildlife  and  recreational  Interests.  Land  resource  problems  will 
become  increasingly  more  complex  as  the  Basin's  population  increases. 

Although  irrigated  farm  lands  and  urban  areas  represent  only  a  small  percen¬ 
tage  of  the  total  Basin,  there  is  still  some  competition  between  these  two 
land  uses.  Some  of  the  irrigated  lands  near  population  centers  are  classified 
as  "prime"  farm  lands  and  it  is  recognized  that  the  attributes  of  prime  farm 
land  also  cause  it  to  be  a  most  likely  candidate  for  urban  and  suburban 
development.  Three  example  areas  in  the  Basin  where  prime  farm  land  is  being 
converted  to  urban  are:  Snowflake-Taylor ,  St.  Johns-Lyman,  and  Springerville- 
Eagar.  Some  lands  are  also  being  developed  into  remote  subdivisions, 
particularly  near  Holbrook,  St.  Johns,  Show  Low  and  Snowflake. 

Timber  has  always  been  of  Importance  to  the  local  users  and  is  becoming  of 
increasing  Importance.  Arizona's  growing  population  and  economy  are  generating 
ever  increasing  demands  for  forest  and  woodland  products.  Together  with  these 
demands  are  demands  for  more  wilderness,  recreational  developments,  and  wild¬ 
life  areas.  Since  most  of  the  areas  desirable  for  these  latter  uses  are  on 
forest  lands,  this  will  affect  the  management  of  these  lands  for  timber 
production . 

The  land  use  history  has  been  one  of  heavy  grazing  by  both  sheep  and  cattle. 
Both  Juniper-Pinyon  Woodland  and  Plains  and  Desert  Grasslands  are  used  for 
this  purpose,  as  well  as  most  other  major  vegetation  communities.  Livestock 
grazing  is  an  important  segment  of  the  Basin's  economy.  Overgrazing  by 
livestock  has  been  blamed  for  much  of  the  erosion  that  is  occurring  in  parts 
of  the  Basin. 

One  of  the  main  factors  adding  to  the  difficulty  in  solving  the  land  resource 
problems  and  in  improving  the  resource  base  is  the  complex  land  ownership 
pattern  in  the  Basin.  The  southern  part  is  national  forest,  the  northern 
part  is  Indian  Reservations,  and  the  intervening  part  is  a  mixture  of  private, 
state  and  federal  ownership. 

Much  of  the  land  in  the  Basin  is  owned  or  is  under  the  control  of  the  federal 
government.  These  include  lands  administered  by  the  Bureau  of  Land  Management 
(BLM) ,  Forest  Service  (FS) ,  and  Bureau  of  Indian  Affairs  (BIA)  (Indian  Trust 
Lands).  The  state(s)  also  owns  a  large  portion.  Only  about  23  percent  is  in 
private  ownership,  and  some  of  this  is  within  national  forest  boundaries  and 
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has  only  limited  use.  The  high  percentage  of  land  under  government  control  has 
affected  the  development  of  the  Basin. 

The  landownership  pattern  has  also  caused  some  conflicts  in  the  management  of 
the  land  resources.  The  checkerboard  pattern  on  much  of  the  state,  BLM  and 
national  forest  lands  has  made  it  difficult  to  effectively  manage  these  lands. 
This  pattern  resulted  when  alternate  sections  of  land  on  each  side  of  a  rail¬ 
road  were  granted  to  the  railroads  to  aid  westward  expansion.  Also,  four 
sections  of  land  per  township  were  granted  to  each  state  at  the  time  of  state¬ 
hood  for  an  aid  to  education. 

Another  conflict  yet  to  be  resolved  is  what  effect  the  Navajo-Hopi  Settlement 
Act  of  December  24,  1977,  Public  Law  93-531,  will  have  upon  the  management  of 
land  resources  within  the  Basin.  Indian  lands  presently  comprise  nearly  59 
percent  of  the  Basin.  Two  hundred  and  fifty  thousand  (250,000)  acres  of  new 
Indian  lands  were  authorized  under  Section  11  of  the  stated  act.  In  July 
1980,  the  act  was  amended  by  Public  Law  96-305  (July  8,  1980)  and  gave  the 
Navajo  Tribe  the  option  to  buy  an  additional  150,000  acres.  None  of  the  new 
lands  can  be  north  or  west  of  the  Colorado  River,  nor  can  more  than  35,000 
acres  be  in  New  Mexico.  Further,  the  land  must  be  within  18  miles  of  the 
1934  Navajo  Reservation  boundary.  With  the  stated  conditions,  most  of  the 
new  lands  probably  will  be  within  the  Little  Colorado  River  Basin.  The  exact 
physical  and  social  effects  of  this  transfer  of  land  is  yet  to  be  realized. 

SOCIO-ECONOMIC 

One  of  the  major  social  problems  in  the  Basin  is  the  unemployment  rate  on 
Indian  Reservations.  The  Indians  living  on  reservations  constitute  a  virtually 
untapped  labor  resource.  A  survey  made  on  the  Navajo  Reservation  by  the  Arizona 
State  Employment  Service  indicates  there  are  a  large  number  of  unemployed  and 
underemployed  Indians.  Underemployment  on  the  Navajo  Reservation  is  approxi¬ 
mately  72  percent  and  unemployment  rates  run  as  high  as  45  to  50  percent. 

Factors  contributing  to  these  facts  are: 

1.  Isolation.  There  is  a  sparse  population  in  a  large  area  with 
relatively  poor  transportation  and  communication  facilities  on  the  Reservation. 

2.  A  high  proportion  of  seasonal  farm  workers  in  the  Indian  labor  force. 

3.  Low  level  of  formal  education. 

4.  Language  barrier. 

5.  Lack  of  training  in  occupational  skills. 

Another  major  problem  in  the  Basin  is  the  out-migration  of  its  young  people. 

They  leave  for  Increased  employment  opportunities  and  more  active  social 
atmosphere  of  metropolitan  areas.  The  loss  of  youth  upsets  the  natural 
succession  in  the  community  and  Increases  the  concentration  of  people  in 
metropolitan  areas.  One  of  the  concerns  of  Basin  residents  is  whether  the 
location  of  major  industries  in  the  area  will  be  enough  to  alleviate  the  out¬ 
migration  of  its  young  people. 
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The  out-migration,  however,  is  offset  to  some  extent  by  the  in-migration  of 
people  from  outside  the  Basin.  In  fact,  one  of  the  primary  socio-economic 
problems  facing  communities  in  the  Basin  is  to  plan  for  orderly  development. 
Industry  and  population  are  moving  into  the  sunbelt  states.  Northern  Arizona 
and  New  Mexico  hold  high  appeal  to  many  from  outside  the  states  and  from 
cities  within  Arizona  and  New  Mexico. 

If  there  is  rapid  population  or  industry  buildup  in  any  particular  area,  there 
is  a  potential  for  pollution.  Visual,  air  and  water  quality  can  be  detrimen¬ 
tally  affected  if  development  is  not  planned,  or  if  zoning  and  building  codes 
are  not  passed  and  effectively  administered.  Recently  there  has  been  an 
increase  in  second  homes  in  some  of  the  scenic  areas  of  the  Basin.  The  peak 
summer  migration  to  some  of  the  more  popular  recreational  areas  and  the 
development  of  summer  homes  has  caused  problems  with  pollution  and  has 
reduced  the  environmental  quality  of  some  areas. 

Seasonal  variations  in  employment  within  the  Basin  are  significant.  Employ¬ 
ment  peaks  in  July  and  August  and  dips  in  December  and  January  because  of 
cold,  snowy  winters.  The  lumber  and  paper  industries,  for  example,  must  stock¬ 
pile  logs  during  the  summer  so  as  to  operate  throughout  the  year. 

WATER  RESOURCES 

Water  is  a  scarce  resource.  Competition  for  water  is  a  fact.  Tradeoffs 
must  be  considered  seriously.  In  some  cases  restrictions  on  use  may  be 
required.  The  need  for  water  development  is  increasing.  The  major  water  use 
is  for  Irrigated  agriculture,  accounting  for  more  than  60  percent  of  the 
Basin’s  total  water  withdrawal.  Water  used  for  industry  is  expanding;  water 
used  for  domestic  purposes  accounts  for  only  a  small  percentage  of  the  total 
withdrawal,  but  this  percentage  will  increase  as  the  population  grows. 

Some  of  the  irrigated  areas  are  short  of  water  in  some  years.  The  amount  of 
land  under  irrigation  fluctuates  with  the  water  supply.  As  is  usual  in  the 
southwest,  there  is  more  land  suitable  for  Irrigation  than  there  is  water 
available.  A  "critical  groundwater  area"  has  been  established  in  the  Holbrook 
vicinity  that  curtails  the  drilling  of  new  irrigation  wells  within  its 
boundaries.  There  is  very  little  opportunity  to  increase  supplies  through  the 
construction  of  new  reservoirs  because  of  existing  water  rights  and  other 
factors . 

Conflicts  over  water  rights  have  prevented  the  development  of  many  reservoir 
sites,  particularly  in  the  White  Mountains  on  the  headwaters  of  the  Little 
Colorado  River  above  Springerville  and  St.  Johns.  The  Arizona  Game  and  Fish 
Department  has  attempted  to  obtain  storage  rights  for  fish  and  wildlife 
reservoirs  at  several  sites  in  this  area.  These  sites  include  Slade  and 
Atcheson  Lakes,  the  Sheep  Springs  site,  Bigelow  Crossing,  Nutrioso  Section  36 
site,  and  possibly  others.  The  applications  have  been  refused  upon  protest 
by  downstream  users  based  on  Title  45-172,  Arizona  Revised  Statutes.  Based 
on  this  statute,  the  written  consent  of  downstream  users  is  required  even  if 
irrigated  lands  are  purchased  with  the  Intent  of  transferring  irrigation  water 
for  these  lands  to  upstream  storage  or  if  storage  is  purchased  outright. 
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In  some  cases,  storage  reservoirs  can  be  constructed  for  more  than  one  purpose, 
e.g.,  irrigation,  recreation  and  fish  and  wildlife.  Fluctuating  water  levels 
on  irrigation  reservoirs,  however,  can  have  a  detrimental  effect  on  the  use  of 
the  reservoir  for  fish  and  wildlife  purposes.  In  extreme  cases,  fluctuating 
water  levels  can  result  in  a  total  loss  of  fish  population  during  periods  of 
drought . 

Fluctuating  water  levels  can  also  cause  the  structure  to  be  of  low  quality 
for  waterfowl  habitat.  The  widespread  use  of  existing  surface  water  develop¬ 
ments  for  recreational  purposes  has  limited  the  management  of  these  same 
reservoirs  for  fish  and  wildlife  purposes. 

As  the  population  of  the  Basin  increases,  there  will  be  increasing  pressure 
to  convert  present  surface  water  supplies  from  such  uses  as  irrigation  to 
recreation  and  municipal  and  industrial  (M&I)  purposes.  The  use  of  water  for 
M&I  purposes  is  expected  to  more  than  triple  by  the  year  2020. 

Groundwater  use  for  industrial  purposes  is  expected  to  increase  in  the  Basin. 
Presently,  two  new  steam  electric  power  generation  stations  are  under  construc¬ 
tion  and  the  power  plant  at  Joseph  City  is  being  expanded.  The  two  new  power 
plants  are  in  the  Springerville-St .  Johns  area  and  are  projected  to  become 
the  major  user  of  groundwater  in  this  area.  This  use  may  conflict  with  the 
development  of  groundwater  in  this  area  for  other  purposes. 

With  the  development  of  power  generating  stations,  there  has  also  been  an 
increase  in  the  demand  for  coal  production.  Some  coal,  for  example,  is 
stripped  mined  in  the  Black  Mesa  area  and  transported  through  a  slurry  pipe¬ 
line  for  steam  power  generation  outside  the  Basin.  The  use  of  the  water  for 
this  purpose  limits  its  availability  for  other  purposes. 

Other  competition  for  water  in  the  Basin  is  for  livestock.  Although  the 
amount  of  water  that  is  actually  consumed  by  livestock  is  rather  small, 
almost  inf initestimal,  the  construction  of  livestock  ponds  can  have  a  signi¬ 
ficant  effect  on  the  surface  runoff  in  the  Basin.  This  is  due  to  the 
evaporation  and  seepage  losses  which  occur  at  these  structures. 

Surface  water  is  generally  of  suitable  quality  for  most  agricultural  purposes. 
In  some  areas,  settling  ponds  must  be  used  to  remove  sediment  and  some 
waters  are  high  in  total  dissolved  solids.  Poor  quality  surface  water  (1500 
to  3000  mg/1  TDS)  is  currently  being  used  in  St.  Johns  and  Joseph  City  areas. 

In  Woodruff,  high  sediment  concentration  is  a  problem. 

The  quality  of  groundwater  is  generally  good  south  of  the  Little  Colorado 
River,  but  often  is  of  inferior  quality  north  and  east  of  the  river.  (See 
"Availability  of  Groundwater  for  Irrigation,  Municipal  or  Industrial  Use" 
maps  in  Appendix  II.)  Total  dissolved  solids  concentrations  of  over  3,000  ppm 
have  been  recorded  in  wells  north  of  Joseph  City. 

Some  of  the  major  problems  related  to  the  development  of  groundwater  for 
municipal  and  industrial  use  include  poor  water  quality,  inadequate  well 
yields  and  lack  of  funds  for  development.  Inadequate  storage  and  distribution 
systems  are  also  a  problem.  Similar  problems  are  encountered  in  the  develop¬ 
ment  of  rural  domestic  and  livestock  water  supplies. 
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The  identification  of  problems  and  needs  in  the  initial  phase  of  this  study 
indicated  a  shortage  of  surface  water  development  for  purposes  of  irrigation, 
flat  water  recreation,  and  fish  and  wildlife  as  areas  of  public  concerns. 
Consequently,  the  investigation  of  additional  water  development  projects, 
primarily  storage  projects,  was  included  as  a  study  objective.  Evaporation 
and  sedimentation,  however,  are  two  major  constraints  which  must  be  considered 
in  the  development  of  any  surface  water  resource.  These  combined  with  water 
rights  problems  make  most  surface  water  developments  unattractive. 

A  need  was  expressed  for  the  preparation  of  surface  water  budgets  (Including 
pumped  groundwater)  for  18  selected  areas  of  the  Basin.  (See  Water  Budget  Map  in 
"Findings  and  Conclusions"  section  of  this  report.)  The  need  was  for  additional 
information  relative  to  the  supply  and  use  of  water  in  these  areas. 

In  summary,  although  there  may  still  be  some  unallocated  water,  as  the  Basin 
continues  to  develop,  the  demand  and  competition  for  a  finite  water  supply 
will  increase,  and  there  will  be  a  need  to  allocate  the  available  water 
resources  to  the  various  purposes. 

EROSION  AND  SEDIMENT 

The  Little  Colorado  River,  like  many  other  areas  in  the  arid  and  semlarld 
southwest,  experienced  a  period  of  severe  erosion  in  the  late  1800's.  Normal 
washes  were  changed  to  massive  trenches.  This  was  accompanied  by  desiccation 
and  deterioration  of  millions  of  acres  of  land.  However,  judging  from  the 
name  Colorado  (Spanish  for  red)  given  to  the  river  and  the  name  of  its  main 
tributary,  Puerco  (meaning  dirty),  erosion  and  sediment  have  been  prominent 
from  before  the  days  of  the  early  Spanish  explorers. 

Severe  erosion  is  still  occurring  in  some  of  the  alluvial  valleys  and  on 
valley  slopes  of  the  Little  Colorado,  Puerco,  and  Zuni  Rivers.  About  5,300 
miles  of  channel  banks  are  experiencing  moderate  to  severe  erosion.  In  some 
parts  of  the  Basin  heavy  grazing  has  been  a  major  contributor  to  the 
acceleration  of  erosion.  This  erosion  results  in  loss  of  land  and  soil 
productivity,  creates  gullies  and  releases  soluble  salts.  Sediment  degrades 
water  quality,  causes  loss  of  storage  capacity  in  reservoirs,  plugs  culverts 
and  leads  to  increased  flooding  in  many  areas  because  of  sediment  deposition 
in  water  courses. 

It  has  been  estimated  that  the  Little  Colorado  River  contributed  one  percent 
of  the  water  and  10  percent  of  the  sediment  load  to  the  Colorado  River  prior 
to  the  construction  of  Glen  Canyon  Dam.  Presently  the  percent  of  sediment  is 
much  greater.  The  average  annual  outflow  of  sediment  from  the  Basin  into  the 
Colorado  River  above  Lake  Mead  has  been  estimated  at  10,200,000  tons.  Soil 
erosion  on  irrigated  land  is  not  a  major  problem. 

Stream  gage  measurements  Indicate  that  the  Little  Colorado  River  contributes 
621,900  tons  of  salt  to  the  Colorado  River  annually.  However,  it  has  been 
estimated  that  about  550,000  tons/year  of  this  is  from  springs  located  near 
the  river's  mouth. 
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FLOODING 


Flooding  causes  significant  damage  in  urban  and  agricultural  areas  adjacent 
to  the  large  drainages.  Flooding  on  some  of  the  smaller  streams  in  localized 
areas  is  also  a  problem. 

Eight  areas  in  Arizona  and  two  areas  in  New  Mexico  have  been  Identified  as 
having  continuing  flood  problems.  These  include:  Round  Valley,  Hay  Hollow, 
Holbrook,  Winslow,  St.  Johns,  Navajo  Indian  Reservation,  Flagstaff,  and  the 
Snowf lake-Taylor-Shumway  areas  in  Arizona;  and  the  Gallup  and  Zunl  Pueblo 
areas  in  New  Mexico.  The  type  and  severity  of  the  problems  vary  with  location 
(Appendix  III) . 


RECREATION 

During  the  summer  months,  the  cool  pine  forests  in  and  adjacent  to  the  Basin 
receive  heavy  recreation  use,  particularly  from  Phoenix  and  Tucson.  This 
overtaxes  the  available  camping,  fishing  and  recreation  areas.  Increasing 
demands  will  result  in  more  pressure  for  a  shift  in  land  use  from  timber  pro¬ 
duction  and  grazing  to  more  recreation  facilities.  Since  much  of  the 
recreational  use  is  water-oriented,  there  is  a  need  to  increase  the  number  of 
water-based  recreational  facilities  and  improve  existing  facilities.  This 
will  result  in  increasing  pressure  to  convert  existing  Irrigation  reservoirs 
to  recreational  purposes. 

Other  problems  related  to  recreation  Include  limited  access  to  areas  that  are 
suitable  for  recreational  use,  lack  of  awareness  of  recreational  opportunities 
and  vandalism. 


FISH  AND  WILDLIFE 

The  effects  of  past  activities  and  land  use  practices  have  in  many  cases 
reduced  and  degraded  the  habitats  of  fish  and  wildlife.  Long  periods  of  heavy 
grazing  by  domestic  livestock  have  resulted  in  the  reduction  of  preferred 
forage  plants  utilized  by  wildlife.  Livestock  grazing  has  also  reduced  the 
vegetative  cover  required  for  the  protection  of  young  animals  and  birds. 
Protection  of  riparian  vegetation  within  forests,  woodlands  and  rangelands 
is  critical  to  maintaining  and  improving  wildlife  habitat.  Expansion  of  human 
population  and  great  increase  in  recreational  activities  have  also  been 
detrimental  to  wildlife.  Human-caused  pollution  in  the  forms  of  sediments 
and  domestic  sewage  has  lowered  the  capacity  of  many  aquatic  ecosystems  to 
support  desirable  fish  and  wildlife  populations.  There  is  also  a  need  for 
additional  fishing  opportunities  in  the  Basin. 

TIMBER 

There  are  many  complex  and  interrelated  problems  with  reference  to  forest 
and  woodland  resources.  Each  year  numerous  trees  are  weakened,  damaged  or 
destroyed  by  insects  and  disease.  A  critical  forest  management  activity 
Involves  the  prevention  and  control  of  wildfires.  Conflicting  uses  of  timber 
land  for  wilderness,  recreation  and  other  uses  will  increase  and  intensify. 
There  is  a  need  for  Inventories  and  guidelines  to  develop  forest  and  woodland 
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management  plans.  The  public  and  sponsors  of  this  study  have  expressed  a 
concern  for  increasing  timber  production;  while  at  the  same  time  maintaining 
the  environmental  quality  of  the  forest  lands. 

FINDINGS  AND  CONCLUSIONS 


Following  is  a  brief  summary  of  the  findings  and  conclusions  for  this  study. 

For  a  more  detailed  discussion  of  the  individual  study  items,  the  reader  is 
referred  to  the  four  appendices  published  with  this  report. 

WATER  RESOURCES  1/ 

Water  resources  is  composed  of  five  separate  but  interrelated  subsections: 
Irrigation,  Municipal  and  Industrial  Water  Supply,  Rural  Domestic  and  Live¬ 
stock  Water  Supply,  Development  of  Surface  Water  Resources,  and  Surface  Water 
Budgets  (Including  Pumped  Groundwater).  These  will  be  discussed  in  turn. 

Irrigation 

There  are  34,820  acres  of  irrigated  land  in  the  Little  Colorado  River  Basin, 
including  29,870  acres  in  Arizona  (of  which  5,420  acres  are  native  grass  that 
are  wild  flooded)  and  4,950  acres  (1975)  in  New  Mexico. 

Alfalfa  and  legume-grass  mixtures  are  the  major  crops  produced.  These  crops 
are  used  for  hay,  and  the  latter  is  also  used  for  pasture.  Other  main  crops 
include  corn,  small  grains,  sorghum  and  vegetable  crops. 

The  water  supply  is  primarily  from  surface  sources,  althouth  groundwater  is 
used  exclusively  in  some  areas;  and  there  is  a  small  amount  of  irrigation  with 
sewage  reutrn  flows.  Surface  water  used  for  irrigation  is  either  diverted 
directly  onto  croplands  from  streamflow  or  is  stored  in  irrigation  reservoirs. 
Major  Irrigation  storage  reservoirs  in  Arizona  include  Lyman  Lake  in  Apache 
County  (30,600  AF)  and  White  Mountain  Reservoir  in  Navajo  County  (2,390  AF). 

Major  reservoirs  in  New  Mexico  Include  Ramah  Reservoir  (3,870  AF)  and  Black 
Rock  Reservoir  (2,600  AF) . 

The  normal  seasonal  irrigation  water  withdrawal,  not  Including  storage  or 
transmission  losses,  for  Arizona  is  about  100,180  AF  (64,950  acre  feet  of 
surface  water  and  35,230  acre  feet  groundwater)  and  for  New  Mexico  is  about 
11,460  acre  feet  (11,450  acre  feet  of  surface  water  and  10  acre  feet  groundwater) 

Some  irrigated  areas  are  short  of  water  in  some  years.  The  amount  of  land 
irrigated  fluctuates  with  the  water  supply.  There  is  little  opportunity  to 
increase  surface  water  supplies,  but  there  is  potential  for  system 
improvements  and  better  irrigation  water  management.  (See  Tables  2  and  3). 

Conservation  land  treatment  is  needed  on  the  Irrigated  lands  in  the  Basin. 
Although  soil  erosion  on  irrigated  lands  is  not  a  major  problem,  land 
treatment  is  needed  to  improve  soil  condition  and  efficiency  of  water  use, 
and  protect  water  quality.  These  needs  include  improvements  in  the  off-farm 


See  Appendix  II  for  a  detailed  discussion  of  water  resources  in  the  Basin. 
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Table  2  -  Projected  Needs 

Conservation  Land  Treatment  and  Off-Farm  Conveyance  System  Improvements  Needed 
Little  Colorado  River  Basin,  Arizona  and  New  Mexico 
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conveyance  system,  irrigation  water  management,  onfarm  improvements  such  as 
land  leveling  and  smoothing,  ditch  lining,  pipelines,  and  other  conservation 
practices  (Table  2). 

There  are  three  areas  in  Arizona  (West  Taylor,  Springerville  and  Pinetop- 
Woodland)  that  have  potential  for  development  as  Resource  Conservation  and 
Development  Project  Measures.  Measure  plans  were  developed  for  each  of  these 
areas  which  maximized  national  economic  development  (NED)  and  emphasized 
environmental  quality  (EQ) .  Each  plan  consisted  of  off-farm  conveyance 
system  improvements.  The  West  Taylor  system  consists  of  14,470  feet  of  PVC 
pipe  and  associated  outlet  structure,  measuring  meters,  trash  cleaners,  valves, 
etc.  The  estimated  installation  cost  for  the  improvements,  including 
administrative  cost,  is  $124,700. 

The  Springerville  system  consists  of  approximately  11,  800  feet  of  low  head, 
buried,  gravity  flow,  irrigation  pipeline;  a  screened  inlet  structure; 
appropriate  outlet  structures  and  in-line  valves  and  water  control  struc¬ 
tures.  Installation  cost  for  these  works  of  improvement  was  estimated  at 
$63,200. 

The  recommended  alternative  for  the  Pinetop-Woodland  project  consists  of 
20,825  feet  of  PVC  pipeline  with  appropriate  inlet  and  outlet  structures. 

The  installation  cost  for  this  system  was  estimated  to  be  $177,800. 

Since  all  of  these  projects  maximized  national  economic  development  and 
emphasized  environmental  quality,  tradeoffs  between  various  alternatives  were 
not  developed. 

Although  present  irrigation  efficiencies  were  not  calculated  for  all  Irrigated 
lands  in  the  Arizona  portion  of  the  Basin  due  to  a  lack  of  reliable  data,  it 
was  estimated  that  with  the  proposed  land  treatment  program  the  overall 
efficiency  could  increase  to  about  52  percent  by  the  year  2020.  In  New 
Mexico,  the  proposed  land  treatment  program  could  Increase  the  overall 
efficiency  from  about  33  percent  in  1975  to  60  percent  in  2020. 

The  surface  waters  used  for  irrigation  are  generally  of  excellent  quality. 
Dlssolved-solld  concentrations  range  from  about  60  to  150  mg/1.  Poor  quality 
surface  water,  however,  is  currently  being  used  in  three  separate  areas  in 
Arizona:  St.  Johns  (Apache  County),  Woodruff  and  Joseph  City  (Navajo  County). 

The  problem  of  prime  farm  lands  being  converted  to  urban  or  some  other  land 
use  is  a  land  management  problem.  Although  specific  land  use  designation  is 
a  prerogative  of  state  and  local  officials,  USDA  is  nonetheless  concerned 
about  the  loss  of  such  a  valuable  resource  to  non-agricultural  uses. 

Municipal  and  Industrial  Water  Supply 

Over  65  percent  of  the  estimated  162,200  population  reside  in  cities  and 
towns.  These  communities  are  served  by  numerous  municipal,  corporate,  or 
investor-owned  water  systems.  The  adequacy  of  these  system  varies  consider¬ 
ably,  both  with  respect  to  total  available  water  supply  and  to  storage  and 
distribution  capacities. 
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The  total  water  withdrawal  for  municipal  and  industrial  purposes  in  1975 
amounted  to  about  15,600  acre  feet.  The  depletion  requirement  for  these 
purposes  was  estimated  to  be  7,800  acre  feet,  or  50  percent  of  the  total 
withdrawal.  The  remainder  was  lost  to  deep  percolation,  evaporation,  or 
other  beneficial  or  non-benef Icial  consumptive  uses.  Table  4  summarizes 
present  and  future  withdrawals  by  community,  county  and  water  use  areas. 

Table  2-4  in  Appendix  II  shows  the  communities  which  need  their  water  supplies 
augmented  or  their  storage  and  distribution  systems  replaced  or  modified. 

The  water  quality  varies  with  each  community.  Hardness  ranges  from  soft  to 
hard;  predominantly  the  water  is  hard  but  acceptable  for  M&I  use.  Locally, 
the  concentrations  of  sediments,  fluorides  and  dissolved  solids  may  exceed 
recommended  limits.  The  groundwater  is  highly  mineralized  in  the  St.  Johns 
area  and  in  the  area  north  and  northeast  of  Holbrook  and  Winslow.  Poor 
quality  groundwater  has  been  experienced  in  the  Kearns  Canyon  and  Witch  Well 
study  areas. 

The  communities  of  the  Basin  have  been  and  will  be  faced  with  the  problems 
of  peak  use  shortage  or  simply  a  water  shortage.  Water  supply  owners  and 
managers  have  begun  to  adopt  procedures  aimed  at  conserving  water.  M&I 
water  use  can  be  reduced  by  controlling  growth  or  the  per  capita  use  rate. 
Growth  may  be  controlled  by  limiting  permits,  restricting  utility  expansion 
or  discouraging  development  in  general.  Per  capita  use  rates  may  be  controlled 
by  attracting  industries  with  low  water  use,  promoting  lawn  reduction,  or 
promoting  multi-family  developments.  Other  conservation  techniques  that  may 
be  used  Include:  use  of  low  water  using  fixtures  and  appliances,  leak 
detection  and  repair,  education,  wastewater  reuse,  metering,  pressure 
reduction  and  pricing. 

In  Arizona,  there  are  very  few  opportunities  in  the  Basin  for  increasing  M&I 
water  supplies  from  surface  water  because  of  prior  appropriation  (primarily 
for  irrigation)  and  limited  runoff  conditions. 

Surface  water  is  available  for  M&I  use  in  the  New  Mexico  portion  of  the  Basin. 
Several  reservoirs  exist  along  the  Zunl  River  and  its  tributaries.  Also, 
about  7,500  acre  feet  of  surface  water  have  been  allocated  for  use  by  the 
City  of  Gallup  from  the  San  Juan  River  Basin. 

Another  alternative  source  of  surface  waters,  in  both  states,  is  that  of 
conversion  of  use.  As  the  demand  for  M&I  increases  and  other  alternative 
sources  become  scarce  or  more  expensive,  there  will  be  increasing  pressure 
to  convert  present  surface  water  supplies  from  such  uses  as  Irrigation  to 
M&I  purposes. 

For  most  communities,  groundwater  has  proven  to  be  the  least  costly  alterna¬ 
tive  for  water  supply  development.  In  New  Mexico,  present  M&I  well  fields 
are  located  in  alluvial  aquifers  that  are  stream  connected.  In  Arizona,  well 
fields  are  located  in  various  multiple  aquifers  systems.  A  general  indica¬ 
tion  of  the  availability  and  quality  of  groundwater  in  the  Basin  is  shown 
on  map(s)  entitled  "Availability  of  Groundwater  for  Irrigation,  Municipal  or 
Industrial  Use  in  the  Little  Colorado  River  Basin"  in  Appendix  II. 
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TABLE  4:  PRESENT  &  PROJECTED  POPULATION  &  M&I  WATER  WITHDRAWALS 
LITTLE  COLORADO  RIVER  BASIN,  ARIZONA  AND  NEW  MEXICO 
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-See  Footnotes  at  end  of  table- 


oo 

_J 

•a: 


Q  O 
■JZ  c_> 
I—  *— < 
•— «  X 


oc 

UJ  ZS. 
I—  UJ 

«=c  ^ 
2 

Q 
►-I  z 
oQ  ei; 


oo 

Q 

^'1 

lD 

Q 

Cd 

UJ 

I— 


oO 


o 

tx 

Q:; 

CC 


^ 

Q.  >— I  XJ 

o  oo 
a.  =1 

CO 
Q 

UJ  Cd  ■ 


c_) 

UJ  I — I 
X)  Dd 

o 

ex  o 

Q_  Q 

c 

oa  cd 

o 

h“  _ i 

^  o 

UJ  o 
00 

UJ  UJ 

ex  _l 

Q-  h- 


o 

u 


CQ 

< 


2: 

o 

I— 

CC 


4-> 

fO 


< 

o 

o 


1 

jrol 

o 

CO 

ro 

'a- 

OO  lx 

CD 

CD 

00  ^ 

CD  >— 1  p-H  CX) 

f-H 

UD 

CD 

oo 

CD 

CO 

o  un 

LO 

CD 

CD  CM 

CO  O  00  X 

CD 

LD 

LO 

o 

OO 

cej 

CO 

CO 

ro  CD 

cej 

CO 

f-H 

CM 

LO 

*=d" 

'a" 

oo 

•p 

CD 

CD 

t— 1 

oo 

CM 

ro 

ro 

1— H 

ro  1  fo 

cu 

o  >, 

o 

uo 

cn 

00 

00 

< — 1  X 

00 

f— H 

LO 

■a-  ro  o  X 

ro 

LO 

CD 

o  u 

ro 

ro 

O  00 

CO 

o 

ro  CM 

ro  CM  X  CD 

LO 

oo  a» 

1 — 1 

t — 1 

ro 

ro 

c\j  ca- 

CD 

CM 

f-H 

f— H 

■a" 

CO 

00 

Cl. 

rt 

#\ 

«s 

n 

W\ 

4_) 

p— 1 

1—i 

cn 

CM 

CM 

ool  O) 

OJ 

O  ^4- 

o 

o 

LO 

LO 

O  LO 

LO 

O 

00  ^ 

p-H  -a-  LO  CO 

LO 

00 

00 

cn  1 

LO 

cn 

CD  00 

'a" 

P-H  CM 

ro  CD  CD  CD 

CD 

CM 

CM 

CD  <D 

»— 1 

f— H 

O 

o 

1 — 1  r— H 

ro 

LO 

CO 

ro 

ro 

Ck 

n 

•p 

o 

CO 

f— I 

x—t 

X 

CM 

CM 

^1 

LO 

oo 

oo 

X  I — 1 

00 

X 

p— 1 

CO  X  CO  CD 

CM 

CM 

o 

o 

t—l  CO 

'a- 

CM 

O  CM 

CM  CD  LO  LO 

CO 

O 

O 

CT> 

i-H 

rH 

CD 

cr> 

' — 1  X 

00 

CD 

p — 1 

ro 

X 

X 

#k 

#p 

e* 

•p 

ro 

ro 

■^a" 

i“H 

p — t 

o 

o 

O 

o 

o  o 

o 

o 

o  o 

O  O  O  O 

O 

o 

o 

o 

o 

o 

O 

o 

o  o 

o 

o 

O  CD 

LO  o  o  o 

00 

00 

OJ 

ro 

ro 

o 

O 

X  ro 

o 

ro 

LO  CM 

ro  CO  X  X 

ro 

LO 

LO 

o 

«>k 

#k 

rp  rt 

«p 

•P 

«p 

OJ 

OO 

oo 

CO 

00 

OJ  oo 

LO 

LO 

t-H 

LO 

LO 

LO 

r-H 

t— I 

CD 

f-H 

p — 1 

o 

o 

o 

o 

o  o 

o 

O 

o  o 

o  o  o  o 

O 

o 

o 

o 

LD 

cn 

O  LO 

LO 

X 

O  CD 

o  o  o  o 

CD 

ro 

ro 

o 

un 

LO 

CD 

CD 

00  ro 

f-H 

CD 

CM  CM 

ro  P-H  CD  CO 

O 

00 

00 

o 

rv 

«v 

•N 

es 

rp 

r\ 

«p 

fi 

rp 

OJ 

T— 1  CD 

P— 1 

o 

p— 1 

i-H 

CM 

CM 

cn 

LO 

P— 1 

X 

^H 

p-H 

o 

o 

O 

o 

O  O 

o 

o 

o  o 

o  o  o  o 

o 

o 

o 

o 

CO 

ro 

CNJ 

C\J 

^  LO 

CD 

'a" 

LO  CD 

00  'a-  CD  CO 

CO 

o 

o 

CT> 

oo 

oo 

CD 

CD 

^  'a- 

00 

o 

O  CM 

CM  00  LO  LO 

LO 

LO 

LO 

<y> 

rt 

«p  #p 

»p 

0S 

«p 

rp 

•% 

r-H 

1— * 

I — 1  X 

CO 

00 

p— 1 

ro 

o 

o 

'a* 

'a- 

LO 

<“H 

f-H 

o 

o 

o 

o 

o  o 

o 

o 

o  o 

o  o  o  o 

O 

o 

o 

LO 

o 

o 

IX 

LO  O 

LO 

CM 

O  CD 

LO  o  o  o 

■a" 

CO 

CD 

r*^ 

CD 

CD 

ro 

ro 

O  CD 

CD 

CD 

CD  CM 

CM  CD  LO  LO 

o 

CO 

CO 

#1 

rp  #p 

#k 

I — 1 

.-H  P^- 

LO 

ro 

ro 

ro 

oo 

OJ  ro 

Cl. 

Q_ 

cu 

D_ 

CD  CO 

CQ 

SI  SI 

21  SI  SI  s: 

SI 

l—i 

I-H 

{/)  <D 

o 

O 

u_ 

U. 

ro  IT) 

:d 

_J  _J 

_J  _J  _l  _J 

_l 

Q 

Q 

=n 

ZI 

oo 

to 

1—  1— 

h- 

CQ  CQ 

CQ  CQ  CQ  CQ 

CQ 

o 

O 

<c 

(O 

c 

o 

M 

•I — 

s_ 

■=c 


o 

(_) 

o 

c 

c 

o 

o 

o 

o 


Q. 

Q. 


OJ 


(O 

+-> 

o 

4-J 

ja 

Z3 

oo 


03 

4-> 

</) 

CD 

03 


03 

o 

-)-> 

J2 

13 

OO 


>0 
•I-  +-> 

Q.T- 

o  o 

C  03 
O)  JD 
O  =3 


03 

4-> 

O 

-t-> 

3 

00 


o 

o 


03 

c 

o 

N 

u 

c 


o 

o 


c  c 

O  -r- 
>>  03 

03  e  4J  JD 

—  03  C  -r- 

—  C_3  ZS  03 
O  S- 

CO  SI  O 


> 

<D 

+J 

O 


03  S 
<U  O 
^  _J 


2 

O) 


03 

O 

u 

03 


03 

+J 

O 

JU 

JD 

13 

OO 


•I-  o 
Q_  D_ 


00 


03 

+-> 

O 

+J 

JZ 

rs 

oo 


19 


Heber  CHV  500  830  1,050  1,350  75  124  158  203 

Overgaard  CHV  800  1,300  1,660  2,150  88  142  183  237 

Subtotal  CHV  1,300  2,130  2,710  3,500  163  266  341  440 
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HcKinley  Co.,  New  Mexico 

Gallup  UPR  16,950  41,400  54,800  100,000  2,900  7,200  9,800  21,300 

Gamerco  UPR  400  400  400  400  56  56  56  56 

Zuni  ZUN  5,380  10,350  13,900  25,500  140  1,800  2,500  5,400 

TOTAL  COUNTY  22,730  52,150  69,100  125,900  3,096  9,056  12,356  26,756 
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Rural  Domestic  and  Livestock  Water 


For  this  study,  rural  domestic  water  is  defined  as  all  water  used  for  domestic 
purposes  by  Basin  residents  residing  outside  the  cities  and  towns  specifically 
studied  in  the  municipal  and  industrial  water  supply  section  of  this  report. 

The  amount  of  water  used  for  rural  domestic  and  livestock  purposes  is  small 
in  comparison  to  that  used  for  other  purposes. 

Most  of  the  rural  domestic  water  is  obtained  from  pumped  groundwater, 
although  spring  development  is  also  used  in  some  locations.  In  many  rural 
areas,  domestic  water  is  scarce,  if  not  nonexistent.  In  other  areas,  the 
depth  to  water  or  poor  water  quality  may  limit  the  availability  of  an  adequate 
water  supply.  (See  "Availability  of  Groundwater  for  Irrigation,  Municipal 
and  Industrial  Use"  in  Appendix  II.) 

Water  for  livestock  is  also  scarce  in  many  areas.  Flow  on  many  of  the 
drainage  courses  on  which  stock  ponds  have  been  constructed  is  Infrequent 
and  erratic.  In  order  to  provide  carryover  between  streamflows,  the  tendency 
has  been  to  construct  ponds  with  large  surface  areas  which  increases  the 
amount  of  water  lost  due  to  evaporation  and  seepage.  The  amount  of  water  lost 
in  the  ordinary  stock  pond  to  evaporation  and  seepage  is  more  than  seven 
times  that  consumed  by  livestock.  A  site  with  a  high  depth  to  storage  ratio 
is  preferred,  since  the  performance  of  a  stock  pond  is  more  dependent  upon 
its  depth  than  upon  its  capacity. 

In  addition  to  stock  ponds,  water  for  livestock  is  obtained  from  wells, 
springs  and  live  streams.  Water  harvesting,  through  artificial  catchments, 
also  supplies  some  water  in  certain  locations.  Associated  facilities  used 
to  distribute  the  water  include  storage  tanks,  pipelines  and  watering  troughs. 

The  projected  conditions  for  rural  domestic  water  supplies  do  not  appear  to 
be  much  different  from  those  under  present  conditions,  although  a  limited 
number  of  central  water  supply  systems  are  being  Installed.  Also,  because  of 
high  cost  of  development,  individual  families  generally  are  not  able  to  develop 
their  own  supplies. 

The  future  development  of  additional  livestock  water  supplies  is  somewhat 
different.  The  possibility  of  Increasing  livestock  water  supplies  has  been 
Improved  with  the  introduction  of  artificial  catchments  and  the  increased 
use  of  wells,  pipelines  and  water  troughs.  The  continued  and  increased  use 
of  stock  ponds  is  also  a  means  of  ensuring  an  adequate  water  supply  for 
livestock.  The  ranchers  in  the  southern  half  of  Apache  County  still  favor 
the  stock  pond  as  the  ultimate  source  for  stockwater. 

Development  of  Surface  Water  Resources 

USDA  conducted  reconnaissance  level  studies,  primarily  engineering  and 
geologic,  on  the  potential  for  future  development  of  surface  water  within  the 
Basin.  These  investigations  did  not  Include  any  sites  in  New  Mexico  nor  on 
the  Indian  Reservations.  There  were,  however,  210  sites  with  a  storage 
capacity  of  10  acre  feet  or  greater  that  were  Inventoried  by  USDA;  175  in 
Arizona  and  35  in  New  Mexico.  The  data  presented  for  these  sites  Includes  the 
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location,  stream  or  tributary,  drainage  area,  structure  type,  uses,  height, 
capacity,  surface  area,  land  status,  irrigation  water  user,  and  a  partial 
determination  of  improvements  needed. 

The  new  sites  studied  by  USDA  include  26  sites  in  Arizona  that  may  have 
potential  for  future  construction  and  14  sites  that  USDA  considers  to  be 
unfeasible.  The  26  potentially  feasible  sites  Include  9  irrigation/ 
recreation  reservoirs,  13  single  purpose  recreation  reservoirs,  1  site  for 
possible  utilization  of  intermittent  storage  in  closed  basins,  and  3  single 
purpose  sediment  control  sites.  Although  all  the  feasible  sites  offer 
potential,  it  may  be  that  resources  would  most  profitably  be  devoted  to 
improving  existing  reservoirs  rather  than  creating  new  ones. 

Within  the  Basln^  there  were  35  other  sites  that  have  either  been  investi¬ 
gated  or  proposed  over  the  last  50  years.  Data  was  developed  by  USDA  to 
summarize  the  status  of  these  proposals  for  future  reference.  Included 
are  9  multi-purpose  reservoirs  investigated  by  the  U.S.  Bureau  of  Reclamation; 

3  flood  control  sites  investigated  by  the  Corps  of  Engineers;  1  flood  control 
and  recreation  reservoir  currently  under  investigation  by  the  Soil  Conserva¬ 
tion  Service  under  Public  Law  566  (Cottonwood  Wash) ;  7  reservoir  proposals 
under  consideration  by  the  Little  Colorado  River  Plateau  Resource  Conservation 
and  Development  Area;  3  projects  that  would  develop  surface  water  supplies 
for  M&I  use  for  the  City  of  Flagstaff;  and  other  12  sites  classified  as 
miscellaneous.  Several  of  these  latter  sites  represent  old  proposals  that 
are  considered  unfeasible. 

Although  several  sites  appear  to  be  feasible,  there  is  very  little  opportunity 
to  construct  quality  reservoirs  in  the  Basin.  Water  is  scarce  and  over¬ 
subscribed  in  some  areas.  Most  of  the  good  sites  have  been  developed. 
Competition  for  a  scarce  natural  resource  generates  conflicts  between  users, 
particularly  when  development  has  an  unfavorable  impact  upon  wildlife  habitat 
or  other  aspects  of  the  natural  environment. 

Several  of  the  sites  studied  by  USDA  offer  potential  for  additional  irriga¬ 
tion  storage,  but  the  need  for  more  irrigation  storage  is  subject  to  question. 
Resources  should  first  be  spent  on  Improving  existing  distribution  systems 
and  improved  irrigation  water  management  rather  than  construction  of  any  new 
irrigation  reservoirs. 

Many  existing  recreation  lakes  appear  to  be  under-utilized.  Resources  should 
perhaps  be  spent  in  the  following  areas  rather  than  for  new  construction: 

— More  emphasis  on  urban  lakes  close  to  population  centers.  The  attrac¬ 
tiveness  of  remote  sites  will  continue  to  diminish  with  increasing  energy  costs. 

— Improve  existing  facilities,  including  improved  access,  water  weed 
control,  and  boating  and  camping  facilities. 

— Inventory  and  publicize  fishing  opportunities.  There  are  many  lakes 
in  the  Basin  that  offer  quality  fishing  that  are  unknown  to  the  general  public. 
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— Negotiate  with  irrigation  water  users  on  maintaining  minimum  pools  for 
recreation  and  fish  and  wildlife  instead  of  complete  drawdown  for  Irrigation 
purposes . 

Surface  Water  Budgets  (Including  Pumped  Groundwater) 

Water  budgets  were  developed  for  18  selected  water  use  areas  (WUA*s)  in 
addition  to  that  for  the  Total  Basin.  In  Arizona,  the  WUA's  (with  minor 
modifications)  are  those  defined  by  the  Arizona  Department  of  Water  Resources 
and  the  U.S.  Geological  Survey  in  their  study  of  groundwater  resources  for 
the  state.  In  New  Mexico,  boundaries  for  the  water  use  areas  follow  drainage 
divides  based  on  boundaries  of  the  Hydrologic  Unit  Map  -  1974.  (See  Surface 
Water  Budget  Map-Including  Pumped  Groundwater  -  1975.) 

The  water  budgets  are  based  on  best  estimates  of  water  supply,  water  use,  and 
outflow.  These  are  given  in  both  tabular  (Table  5)  and  graphical  forms 
(Water  Budget  Map)  for  the  1975  stage  of  water  development,  but  only  the 
tabular  form  (Tables  6,  7,  and  8)  was  used  to  display  the  water  budgets  under 
future  conditions.  A  summary  of  the  total  water  supply,  withdrawal  and 
surface  water  outflow  for  present  and  projected  periods  is  given  in  Table  9. 

The  budgets  are  not  in  the  truest  sense  complete  water  budgets.  This  results 
from  inadequate  data  to  completely  determine  the  relationships  between  surface 
water  and  groundwater  flow  regimes;  therefore,  net  change  in  water  storage 
(surface  and  groundwater)  cannot  be  determined.  The  relationships  between 
surface  water  and  groundwater  have  been  studied  in  only  two  locations  within 
the  Basin.  These  are  in  the  southern  portions  of  Navajo  and  Apache  Counties 
in  Arizona.  A  groundwater  model  was  developed  by  the  U.S.  Geological  Survey 
for  the  southern  part  of  Navajo  County  in  1976  and  one  is  presently  under 
development  for  the  southern  part  of  Apache  County. 

The  available  water  supply  is  defined  as  equal  to  the  average  annual  runoff 
(including  springflow)  plus  pumped  groundwater.  The  average  annual  runoff  is 
further  divided  into  two  categories  -  Net  Surface  Runoff  and  Surface  Inflow. 
The  Net  Surface  Runoff  is  the  total  runoff  within  an  evaluation  unit  minus 
transmission  losses  such  as  channel  losses,  evaporation,  evapo transpiration, 
etc.  Surface  Inflow  is  the  surface  water  which  enters  an  evaluation  unit 
from  an  adjoining  WUA  (see  Surface  Water  Budget  Map). 

The  term  "water  use"  is  defined  in  the  broad  sense,  and  includes  all  natural 
and  man-controlled  demands  placed  upon  the  stated  water  supply.  Water  use  may 
be  further  defined  with  reference  to  "withdrawal"  or  "depletion"  requirements. 
"Withdrawal  requirement"  is  defined  as  the  total  quantity  of  water  required  at 
the  point  of  diversion  to  satisfy  a  given  need.  "Depletion  requirement"  is 
defined  as  the  amount  of  water  removed  by  a  use  from  the  water  supply  cycle. 
Due  to  the  lack  of  data  to  adequately  determine  the  depletion  requirements, 
and  since  the  total  relationship  between  surface  water  and  groundwater  is 
unknown,  withdrawal  requirements  were  used  in  the  water  budget  analyses.  The 
total  amount  of  water  withdrawn  for  a  purpose,  therefore,  is  charged  to  that 
purpose. 
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TABLE  8:  AVERAGE  ANNUAL  WATER  BUDGETS  -  2020 
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TABLE  9  -  Summary  of  Water  Supply,  Withdrawl  and  Surface  Outflow 
Little  Colorado  River  Basin,  Arizona  and  New  Mexico 
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Surface  water  outflow  is  the  streamflow  leaving  a  WUA.  These  are  the  most 
reliable  values  in  the  water  budget  tables,  since  they  represent  long  term 
records  of  streamflow  measurements  made  at  several  locations.  With  the 
stated  definitions,  water  supply,  use,  and  surface  outflows  are  shown  in  the 
water  budget  tables  (Tables  5,  6,  7,  and  8).  Other  basic  assumptions  or 
definitions  made  with  reference  to  the  water  budgets  are  defined  in  Appendix  II. 

EROSION  AND  SEDIMENT,  AND  FLOODING^^ 


Erosion  and  Sediment 

Sheet  and  rill  erosion  accounts  for  the  larger  amount  of  erosion  in  the  Basin. 
Most  of  the  sloping  lands  are  experiencing  some  sheet  and  rill  erosion. 

Areas  with  good  grass  cover  and  forested  areas  have  relatively  low  rates  of 
erosion.  The  highest  rates  occur  in  areas  of  badland  topography.  Severe 
erosion  is  occurring  in  some  alluvial  valleys  and  on  the  valley  slopes  of  the 
Little  Colorado,  Puerco,  and  Zuni  Rivers.  About  5,300  miles  of  channel  banks 
are  experiencing  moderate  to  severe  erosion.  Sheet  and  rill  erosion  rates 
vary  from  less  than  0.6  tons  per  acre  to  over  9  tons  per  acre  per  year.  (See 
Erosion  Classification  Map,  Appendix  III.)  The  total  erosion  is  about  32. A 
million  tons  per  year. 

About  10.2  million  tons,  or  32  percent  of  the  total  sediment  produced  in  the 
Basin,  is  transported  to  the  Colorado  River.  Erosion  processes  within  the 
Basin  adds  about  72,000  tons  of  salt  annually  to  the  Colorado  River;  however, 
the  major  contributor  of  salts  from  the  Basin  is  Blue  Springs  and  other 
springs  located  near  the  mouth  of  the  Little  Colorado  River,  which  contri¬ 
butes  about  550,000  tons  of  salt  per  year. 

USDA  proposes  two  alternative  resource  Improvement  plans  to  reduce  soil 
erosion,  protect  water  quality  and  Improve  productivity,  wildlife  habitat  and 
esthetics.  One  plan  emphasizes  national  economic  development  (NED)  and  the 
other  plan  emphasizes  environmental  quality  (EQ) .  A  recommended  plan  was  not 
developed.  Planned  elements  for  the  two  alternatives  are  shown  in  Tables  10 
and  11  which  follow.  The  general  approaches  in  the  two  plans  are  very  similar. 
The  major  difference  is  that  in  the  EQ  Plan  maintenance  and  improvement  of 
wildlife  habitat  and  esthetics  are  emphasized.  For  example  in  the  EQ  Plan, 

60  percent  of  the  annual  growth  is  left  compared  to  only  50  percent  in  the 
NED  Plan  as  recommended  for  safe  grazing.  Other  elements  in  the  EQ  alterna¬ 
tive  Include  the  use  of  smooth  wire  on  the  bottom  of  barbed  wire  fences  to 
allow  wildlife  freedom  to  roam;  creating  wildlife  habitat  around  ponds; 
providing  a  variety  of  seed  for  better  food  and  cover  for  wildlife  when 
applying  the  range  seeding  practice;  leaving  strips  of  brush  for  wildlife 
when  vegetation  is  removed;  and  fencing  portions  of  the  stock  water  develop¬ 
ments  and  wetlands  for  wildlife. 

The  total  impact  of  either  alternative  on  the  salts  and  sediment  delivered  to 
the  Colorado  River  is  very  similar.  If  either  or  a  combination  of  the  plans 
is  installed,  the  total  salts  delivered  to  the  river  will  be  reduced  by  1.4 


\j  See  Appendix  III  for  detailed  data. 
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15020004  Hydrologic  Unit  Code, 
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*  Inflows  and  outflows  along  the  Little  Colorado 
River  from  Holbrook  to  basin's  outlet  were  allocoted 
to  the  adjoining  WUA's,  depending  on  which  side 
of  the  river  the  runoff  originated 


Note: 

The  boundory  os  shown  for  the  Hopi  Indian  Reservotion  does 
not  reflect  division  of  the  joint  use  oreo  resultir>g  from  the 
Navajo  -  Hop!  Settlement  Act  of  Dec.  22,  1974,  P .  L.  93-5-: 
Finol  boundories  hove  not  been  determined  os  of  this  printing 
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TABLE  10;  ELEMENTS  OF  THE  RANGELAND  RESOURCE  MANAGEMENT  SYSTEM  -  NED  PLAN  A 


ITEM 

UNITS 

AMOUNT 

Proper  Grazing  Use 

Acres 

7,896,000 

Deferred  Grazing 

Acres 

4,264,000 

Planned  Grazing  System 

Acres 

7,896,000 

Fence 

Miles 

3,000 

Water  Spreading 

Acres 

224,000 

Brush  Management 

Acres 

3,043,000 

Range  Seeding 

Acres 

894,000 

Prescribed  Burning 

Acres 

587,000 

Mechanical  Treatment 

Acres 

633,000 

Stock  Water  Development 

Number 

4,000 
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TABLE  11:  ELEMENTS  OF  THE  RANGELAND  RESOURCE  MANAGEMENT  SYSTEM  -  EQ  PLAN  B 


ITEM 

UNITS 

AMOUNT 

Proper  Grazing  Use 

Acres 

7,896,000 

Deferred  Grazing 

Acres 

4,264,000 

Planned  Grazing  System 

(Livestock  use  restricted  to  40  percent 
of  annual  forage  growth.  Wildlife 
taken  into  consideration  as  land  users) 

Acres 

7,896,000 

1/ 

Fence 

(Bottom  wire  to  be  smooth  in  deference 
to  antelope  habits) 

Miles 

3,000 

Water  Spreading 

(Seed  forbs  and  grasses  upslope) 

Acres 

224,000 

Brush  Management 

(Emphasis  on  maximum  wildlife  habitat 
development  and  enhancement) 

Acres 

3,043,000 

Range  Seeding 

(Includes  forbs,  shrubs  and  special 
category  species) 

Acres 

894,000 

Prescribed  Burning 

Acres 

587,000 

Mechanical  Treatment 

Acres 

633,000 

2/ 

Stock  Water  Development 

Number 

4,000 

Restricted  area  for  wildlife  (fenced) 

Acres 

25,000 

Wetland  improvement  (fenced) 

Acres 

1,900 

Does  not  include  1671  miles  of  stock  pond  fencing. 

_2/  Assumes  2  to  1  development  of  ponds  vs.  wells,  springs,  etc. 
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percent  or  9,000  tons  per  year,  and  sediment  will  be  reduced  by  3.95  million 
tons  per  year  or  about  38.7  percent. 

Flooding 

USDA  investigated  the  potential  for  project  actions  that  could  be  taken  to 
solve  significant  flood  problems  in  the  Basin  under  the  Watershed  Protection 
and  Flood  Prevention  Act  (Public  Law  566) ,  and  Resource  Conservation  and 
Development  (RC&D)  Program.  Flooding  along  the  main  stem  of  the  Little 
Colorado  River  and  other  areas  that  have  a  drainage  area  in  excess  of  250,000 
acres  were  not  studied,  but  studies  by  other  agencies  on  these  streams  have 
been  included  in  the  discussions. 

There  are  two  watershed  areas  within  the  Basin  that  have  been  investigated 
and  have  potential  for  development  under  the  Watershed  Protection  and  Flood 
Prevention  Act  (PL-566) ;  the  Zunl  Pueblo  Watershed  in  New  Mexico  and  the 
Cottonwood  Wash  Watershed  in  Arizona.  The  Zuni  Pueblo  Project  has  been 
authorized  for  construction,  and  the  Cottonwood  Wash  Watershed  is  being 
planned. 

No  other  area  proved  to  be  feasible  under  project-type  action  using  USDA 
authorities.  In  all  cases,  the  costs  of  significantly  reducing  or  eliminating 
the  flood  problems  exceeded  the  monetary  benefits  that  would  occur.  Hence, 
the  planning  process  did  not  proceed  to  the  development  of  NED,  EQ  or 
Recommended  Plans. 

Although  no  project-type  action  under  the  USDA  authorities  could  be  justified, 
flood  problems  do  exist  in  the  Basin,  and  there  are  measures  which  could 
prove  to  be  beneficial  in  selected  areas.  These  include:  flood  plain  zoning 
for  appropriate  use  of  flood  plains,  flood  proofing  to  reduce  damages  on 
existing  properties,  flood  insurance  to  reduce  the  monetary  cost  of  flooding 
to  individuals,  relocation  of  urban  properties  out  of  the  flood  plain,  tax 
incentives  for  not  developing  flood  plain  areas,  flood  forecasting,  flood 
warning  systems,  emergency  protection,  post-flood  recovery  assistance,  and 
adopting  strict  development  regulations  and  building  codes. 

Flood  plain  areas  along  Silver  Creek,  the  Little  Colorado  River,  and  Water 
Canyon  in  Arizona,  and  the  Puerco  River  and  tributaries,  the  Zuni  River,  Rio 
Pescado  and  Rio  Nutria  Washes  in  New  Mexico,  that  have  not  been  developed  for 
urban  uses,  need  controls  to  prevent  unwise  flood  plain  development.  This 
need  is  particularly  pronounced  in  St.  Johns,  Arizona,  and  in  Gallup  and  Zuni 
Pueblo,  New  Mexico. 

The  U.S.  Army  Corps  of  Engineers  has  completed  two  flood  control  measures 
within  the  Basin;  the  Holbrook  levee  (1948)  on  the  Little  Colorado  River  at 
Holbrook  and  Ruby  Wash  Diversion  (1970)  at  Winslow.  A  second  measure  at 
Winslow,  the  Ice  House  Wash  Channel  Improvement,  is  authorized  and  federally 
funded.  However,  the  local  administration  found  a  more  desirable  alternative 
solution  which  was  designed  and  Installed  by  the  Arizona  Department  of  Trans¬ 
portation  in  conjunction  with  the  drainage  work  for  Interstate  Highway  40. 
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The  Corps  has  completed  several  other  flood  studies  and  flood  plain  informa¬ 
tion  reports  in  the  study  area.  These  include  flood  plain  information  reports 
on  Rio  de  Flag  and  Sinclair  Washes  in  Flagstaff  and  on  the  Little  Colorado 
River  at  Winslow. 

The  Corps  has  also  performed  emergency  repair  work  under  Public  Law  84-99  on 
the  Little  Colorado  River  at  Holbrook  (1971,  1972),  the  Little  Colorado  River 
at  Winslow  (1971,  1972),  and  Daggs  Dam  on  Silver  Creek  (1973). 

Many  similar  type  of  studies  and  reports  have  been  completed  by  the  Corps 
in  New  Mexico,  especially  in  the  vicinity  of  Gallup. 

The  Bureau  of  Reclamation  has  conducted  studies  in  the  New  Mexico  portion  of 
the  Basin.  These  include  studies  with  reference  to  dam  safety  on  eight  dams 
located  on  the  Zunl  Indian  Reservation.  In  1972,  the  Corps  of  Engineers 
completed  a  special  flood  hazard  report  for  the  Zunl  Pueblo,  which  presented 
information  on  the  flood  hazard  along  the  Zunl  River. 

The  Corps  has  an  authorized  but  unfunded  study  of  flood  problems  on  the  Navajo 
Indian  Reservation.  This  study  is  to  provide  information  on  flood  control  and 
related  problems  on  the  Reservation.  Recently,  Morrison  Malerle,  Inc.,  of 
Helena,  Montana,  a  consulting  engineering  firm,  completed  a  study  which 
identified  the  flood  prone  areas  on  the  Navajo  Reservation.  This  study  was 
performed  under  contract  with  the  Bureau  of  Indian  Affairs. 

There  have  been  numerous  efforts  by  local  interests  to  control  damaging  floods 
within  the  Little  Colorado  River  Basin.  Farmers  and  other  individual  property 
owners  have  constructed  diversion  dikes,  water  spreaders,  channel  improvements, 
etc.,  at  many  locations  throughout  the  Basin  to  protect  their  properties. 

Municipalities  and  counties  have  also  been  active  in  flood  control  work  through 
the  construction  of  dikes,  channel  improvements  and  debris  removal;  however, 
most  of  their  efforts  have  been  ineffective  against  large  runoff  events.  Other 
attempts  to  control  flood  damages  in  the  Basin  include  flood  warning  and 
forecasting  systems,  flood  insurance  studies,  flood  plain  zoning,  etc. 

RECREATION,  FISH  AND  WILDLIFE,  AND  TIMBER^^ 


Recreation 

The  climate,  scenic  attractions  and  proximity  to  major  metropolitan  areas  make 
the  Basin  an  important  recreational  resource  for  weekend  and  vacation  use  by 
residents  of  Phoenix,  Tucson  and  Albuquerque.  It  also  provides  excellent 
vacation  opportunities  for  other  residents  of  Arizona  and  New  Mexico  and  for 
tourists  from  other  parts  of  the  continental  United  States,  Mexico  and  Canada. 
The  major  recreation  attractions  include  the  Petrified  Forest  National  Park, 

El  Morro,  Walnut  Canyon,  Sunset  Crater  and  Wupatki  National  Monuments,  Lyman 
Lake  State  Park,  and  national  forest  recreation  sites  at  Quemado  Lake,  Greer, 


V  See  Appendix  IV  for  detailed  data. 
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Lakeside,  Woods  Canyon,  Ashurst  Lake  and  Willow  Springs  Lake.  Water  related 
activities.  Including  camping  near  water,  create  the  most  demand  for  activity 
occasions . 

Recreation  opportunities  for  all  seasons  are  available.  During  the  winter 
months,  the  Arizona  Snow  Bowl  near  Flagstaff  provides  good  alpine  skiing. 
Cross-country  skiing  and  snowmobiling  are  available  in  the  Big  Cienega, 

Mormon  Lake,  Greer  and  other  areas  along  the  Mogollon  Rim.  Fishing  and  turkey 
hunting  are  popular  spring  activities.  The  heaviest  recreation  use  occurs 
during  the  summer  months  when  the  high  plateau  and  forested  areas  provide 
climatic  relief  for  residents  of  southern  Arizona  and  tourists  from  other 
states.  Camping,  picnicking,  fishing,  nature  study  and  hiking  are  the  most 
popular  activities. 

There  are  many  areas  that  have  a  high  potential  for  recreation  use;  but  due 
to  an  inadequate  road  system,  are  not  readily  accessible  to  the  general 
public.  Also,  due  to  the  remoteness  of  some  of  the  areas,  there  is  only 
limited  knowledge  of  their  existence.  Overcrowding  is  a  problem  on  some  of 
the  more  readily  accessible  areas. 

The  Forest  Service,  through  its  Road  and  Trail  Development  Program,  is 
continually  opening  new  areas  and  providing  Improved  access  to  some  desirable 
areas.  It  is  believed  that  with  continuation  of  this  and  other  Forest  Service 
programs,  access  problems  in  the  future  will  be  greatly  reduced. 

The  Forest  Service  also  has  an  extensive  public  Information  program  that  can 
disseminate  information  about  recreational  opportunities  that  exist  on 
national  forests.  Historically,  this  program  has  been  very  successful  in 
informing  the  public  about  developed  recreation  areas.  However,  many 
recreational  opportunities  still  exist  on  the  national  forests  that  are  not 
generally  known  to  the  public.  It  is  proposed  that  the  Forest  Service 
Intensify  its  public  information  efforts  to  continually  Inform  the  public  of 
the  many  recreational  activities  that  are  available. 

Overcrowding  of  recreational  areas  is  expected  to  continue  in  the  future. 

Tables  12  and  12A  show  the  existing  and  projected  supply,  demand  and  current 
needs  in  activity  occasions  for  the  concerned  counties  in  Arizona  and  New 
Mexico.  The  projected  supply  figures  represent  those  conditions  that  are 
expected  to  exist  in  the  future  if  no  new  water  resource  or  recreation  projects 
or  programs  other  than  those  authorized  and  funded  are  implemented.  At  the 
time  of  this  writing,  there  were  no  new  projects  that  met  this  criteria. 

A  total  of  nine  projects,  however,  were  selected  for  investigation  as  a  part 
of  this  study.  These  nine  sites  were  selected  because  of  historical  or 
present  local  interest  in  development.  They  are  believed  to  be  representative 
of  the  broad  range  of  opportunities  that  exist  in  the  Basin.  Four  of  these, 

Hopi  Water  Based  Recreation,  Hidden  Lake,  Trout  Lake,  and  Rio  de  Flag,  were 
reviewed  on  a  reconnaissance  basis  and  were  not  investigated  further.  Hidden 
Lake,  Trout  Lake  and  the  Hopi  Water  Based  Recreation  were  deleted  from  more 
detailed  study  due  to  expected  high  development  costs  associated  with  construc¬ 
tion  or  reconstruction  of  needed  dams,  small  size  (10-20  acres)  of  the 
recreation  pools,  and  remoteness  of  their  locations.  A  preliminary  investigation 
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TABLE  12  -  Existing  and  Projected  Supply,  Demand,  and  Unmet  Recreation  Demand,  Future  Without  Plan  Conditions 
In  Activity  Occasions,  Little  Colorado  River  Basin 
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report  was  prepared  on  Rio  de  Flag  in  December  1976.  At  that  time,  it 
appeared  that  an  excellent  development  potential  existed  for  a  multi-purpose 
recreation-fish  and  wildlife  development.  However,  since  1976  conditions  in 
the  planning  area  have  changed  and  it  now  appears  that  the  water  that  was  to 
be  used  for  the  fish  and  wildlife  developments  will  be  used  for  other  purposes. 
Without  these  developments , the  other  features  of  the  project  would  not  be  as 
attractive  and  would  not  produce  the  desired  benefits.  Consequently,  this 
potential  project  was  not  considered  any  further  in  this  study. 

The  five  remaining  sites  are  believed  to  have  considerable  development 
potential.  These  include:  Woodruff  Lake,  Woodruff  Dam  (Reservoir),  Ganado 
Lake,  Red  Lake  and  McHood  Park.  All  five  of  these  sites  have  favorable 
benefit  to  cost  ratios,  and  are  located  within  the  Little  Colorado  River 
Plateau  Resource  Conservation  and  Development  (RC&D)  Area.  The  RC&D  Program 
could  provide  planning  and  implementation  assistance  to  each  of  these  areas. 

The  potential  recreation  developments  were  formulated  using  USDA  procedures 
for  Planning  Water  and  Related  Land  Resources.  A  recommended  alternative  for 
each  potential  development  was  formulated  after  due  consideration  had  been 
given  to  both  the  NED  and  EQ  alternatives. 

The  recommended  alternative  for  Woodruff  Lake  is  a  multi-purpose  plan  for 
water-based  recreation  and  fish  and  wildlife.  Specific  fish  and  wildlife 
elements  include  constructing  some  low  islands  in  the  shallow  areas  of  the 
lake  along  the  southern  shore,  fencing  the  area,  and  seeding  the  Islands 
and  shorelines  with  suitable  food  and  cover  plants  for  waterfowl.  The 
recreation  features  of  the  plan  call  for  the  construction  of  nature  trails; 
a  12  unit  campground  with  pad  and  other  associated  improvements;  a  12  unit 
picnic  area  complete  with  ramadas,  grills  and  other  features;  a  potable  water 
supply;  and  sanitary  facilities.  This  development  is  expected  to  supply  a  quality 
recreation  experience  for  appoxorimately  9,000  visitor  days  annually. 

The  recommended  development  for  Woodruff  Dam  (Reservoir)  would  be  to  con¬ 
struct  a  small  picnic  area,  six  tables  with  ramadas  and  other  associated 
items;  a  small  camping  area,  six  campsites  with  pads  and  other  associated 
items;  a  potable  water  supply;  and  sanitary  facilities.  This  development 
will  provide  about  4,500  visitor  days  of  recreation  annually. 

The  recommended  plan  for  Ganado  Lake  Includes  constructing  a  multiple- 
purpose  dam  across  Pueblo  Colorado  Wash,  about  2,000  feet  south  of  an  existing 
dam,  associated  recreation  facilities,  and  an  irrigation  outlet  structure. 

The  lake  would  have  a  recreation  pool  of  670  surface  acres.  Total  storage 
capacity  of  the  dam  would  be  24,000  acre-feet.  Planned  recreational  facilities 
include  a  fully  developed  100  unit  camping  area;  a  40  unit  picnic  area;  hiking 
trails;  a  marina;  and  associated  water  supply  and  sanitary  facilities.  An 
estimated  301,000  visitor  days  annually  would  be  supplied  by  this  facility. 

The  recommended  plan  for  Red  Lake  Includes  improving  access  to  the  lake  and 
constructing  basic  recreation  facilities.  These  facilities  include  a  fully 

developed  24  unit  campground;  a  fully  developed  12  unit  picnic  area;  a  water 
supply;  a  boat  ramp;  and  sanitary  facilities.  It  is  estimated  that  this 
development  would  accommodate  about  20,200  additional  visitor  days  annually. 
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The  recommended  plan  for  McHood  Park  is  to  construct  quality  recreation 
facilities  around  a  new  lake  formed  by  a  new  dam,  located  downstream  of  the 
existing  Clear  Creek  Dam.  These  facilities  Include  a  dining  ramada;  fully 
developed  camping  areas  to  accommodate  144  travel  trailers  and  25  tent  sites; 
40  picnic  tables  with  ramadas  and  other  features;  boat  ramps  and  dock;  three 
swimraing  beaches;  a  potable  water  supply;  and  sanitary  facilities.  This 
development  is  expected  to  provide  a  quality  recreation  experience  for  about 
68,400  visitor  days  of  use  each  year. 

The  development  of  these  sites  will  help  to  satisfy  part  of  the  recreation 
need  within  the  Basin.  Installation  cost  for  the  five  projects,  including 
operation,  maintenance  and  repair,  and  project  administration,  was  estimated 
at  $1,027,040. 

Fish  and  Wildlife 

Forest  lands  provide  habitat  for  a  wide  variety  of  wildlife  species.  Forest 
trees  and  associated  understory  shrubs  and  grasses  furnish  wildlife  with  cover 
and  provide  food  in  the  form  of  seeds,  acorns,  nuts,  twigs,  bark  and  foliage. 
The  special  habitat  needs  of  endangered,  threatened,  and  unique  species  of 
wildlife  are  considered  by  all  federal  and  state  agencies  in  their  management 
and  project  proposals.  Among  the  numerous  species  utilizing  the  forest  and 
grassland  habitats,  at  least  21  are  classified  as  being  either  endangered 
or  unique. 

Some  wildlife  species,  such  as  mule  deer,  elk,  white-tailed  deer,  antelope, 
black  bear,  and  turkey  are  important  for  hunting.  Numerous  lesser  forest 
mammals,  birds,  reptiles,  amphibians,  insects  and  other  organisms,  in  addition 
to  being  a  direct  source  of  aesthetic  enjoyment  to  many  people,  are  important 
links  in  natural  food  chains.  They  not  only  perform  the  vital  function  of 
helping  maintain  stability  in  natural  ecosystems,  but  are  necessary  to  non¬ 
consumptive  uses  such  as  bird-watching,  natural  photography  and  environmental 
study. 

The  intensity  of  wildlife  management  and  habitat  conservation  practices  is 
dependent  on  the  objectives  of  the  principal  landowners  and/or  management 
agencies.  (See  Land  Ownership  and  Administration  Map.)  Certain  practices 
relating  to  livestock  grazing  are  beneficial  to  some  wildlife  species;  e.g., 
water  developments  and  rangeland  seeding. 

The  importance  of  riparian  zones  is  indicated  by  wildlife  use  being  dispropor¬ 
tionately  more  than  in  any  other  type  of  habitat,  heavier  use  by  cattle  than 
in  other  areas,  and  recreationists  often  concentrate  their  use  in  such  areas. 

All  riparian  zones  have  these  things  in  common:  (1)  they  create  well-defined 
habitat  zones  within  the  much  drier  surrounding  areas;  (2)  they  make  up  a 
minor  proportion  of  the  overall  area;  (3)  they  are  generally  more  productive 
in  terms  of  biomass  (plant  and  animal)  than  the  remainder  of  the  area;  and 
(4)  they  are  a  critical  source  of  diversity  within  the  ecosystem. 

Riparian  zones  occupy  relatively  small  areas  and  should  be  considered 
vulnerable  to  alteration.  Because  of  the  distinct  vegetative  community  and 
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the  structure  of  riparian  zones,  they  must  be  considered  fragile  and  sensitive 
to  management  activities.  Riparian  zones  are  so  different  from  one  another 
that  specific  anlmal-to-habltat  relationships  are  difficult  to  develop  for 
these  areas.  Forestland  managers  should  consult  both  fishery  and  wildlife 
biologists  when  management  activities  are  planned  within  the  riparian  zone. 

There  are  70  miles  of  streams  and  6,580  surface  acres  of  ponds,  reservoirs 
and  lakes  currently  suitable  for  fishing.  Both  streams  and  lakes  are  managed 
on  an  annual  "put  and  take"  basis  for  trout.  The  demand  for  fishing  in  the 
Basin  is  estimated  to  increase  by  about  3  percent  annually  from  1980  to  2020. 

Irrigation  impoundments  also  provide  fishing  opportunities,  but  due  to 
seasonal  drawdown  of  water,  it  is  difficult  to  maintain  good  fish  habitat  and 
fishing  conditions.  Many  of  the  streams  and  impoundments  on  federal  lands 
are  being  monitored  by  biologists  for  water  quality  and  opportunities  for 
fishery  Improvement  work. 

Some  of  the  opportunities  for  improving  recreational  fishing  Include: 

1.  Proper  watershed  management  and  proper  operation  and  maintenance  of 
diversion  structures  to  minimize  siltatlon  of  lakes. 

2.  Regulation  of  the  use  of  irrigation  water  and  improvement  of 
irrigation  distribution  systems  to  minimize  waste  of  stored  water. 

3.  Construction  of  additional  fishing  lakes  as  long  as  such  lakes 
Incorporate  proper  design  criteria  for  fish  conservation  such  as  adequate 
depth,  protection  from  siltatlon,  etc. 

4.  Deepening  of  shallow  lakes  by  increasing  the  height  of  the  dam, 
relocation  of  the  dam,  excavation  of  the  bottom,  or  other  feasible  means. 

5.  Eradication  of  trash  fish  from  all  lakes  that  are  suitable  for 
trout  management. 

6.  Improve  grazing  and  timber  harvest  techniques  within  streamside  zones 
to  maintain  desirable  vegetation  cover  for  good  fish  habitat. 

Timber 

Opportunities  exist  for  forested  lands  to  contribute  more  fully  and  effectively 
to  meeting  demands  for  wood  products.  Many  of  the  forest  landowners,  both 
public  and  private,  are  managing  their  forest  lands  under  a  planned  systematic 
basis.  The  growing  population  and  economies  of  the  southwest  are  generating 
ever-increasing  demands  for  forest  and  woodland  products. 

Steps  can  be  taken  immediately  to  insure  that  the  potential  wood  productivity 
of  forested  lands  are  more  fully  developed  and  the  products  more  completely 
utilized.  Timber  stand  improvement  (TSI)  includes  a  variety  of  management 
practices  designed  to  change  stand  conditions.  By  removing  excess  or  low 
value  trees,  the  best  trees  are  left  to  accumulate  growth  and  value  more 
rapidly.  The  excess  trees  could  be  utilized  as  fuelwood  or  converted  to  chips 
for  further  processing. 
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Cost-sharing  programs  are  available  to  private  landowners  through  their  state 
forestry  organizations  to  provide  tree  seedlings  for  reforestation,  windbreaks 
and  Christmas  tree  plantations.  Prompt  regeneration  of  productive  forest 
lands  is  essential  if  future  demands  for  wood  fiber  are  to  be  met. 

A  critical  forest  management  activity  in  the  Basin  involves  the  prevention  and 
control  of  wildfire.  Wildfires  destroy  trees,  sear  merchantable  timber  and 
consume  soil  cover  and  nutrients,  seriously  reducing  net  growth.  Cooperative 
agreements  between  fire  districts  or  associations  and  the  State  Foresters  of 
Arizona  and  New  Mexico  have  substantially  contributed  to  the  success  of  fire 
control  efforts  in  the  Basin. 

Each  year,  numerous  trees  are  weakened,  damaged,  or  destroyed  as  a  result  of 
insect  and  disease  attack.  Protection  efforts  have  been  principally  directed 
toward  reducing  the  effects  of  dwarf  mistletoes.  Although  the  dwarf  mistletoes 
are  the  principal  destructive  agents  present  in  the  Basin,  there  are  many  other 
forest  insect  species  that  also  attack  trees.  Some  of  the  more  common  ones 
include  spruce  beetles,  Ips  beetles,  western  pine  beetles,  pine  needle 
miners,  and  pine  tip  moths.  Preventive  measures  to  keep  insect  populations 
and  diseases  under  control  are  usually  more  effective,  economical  and 
environmentally  acceptable  than  direct  measures. 

Increases  in  timber  supplies  can  be  realized  through  more  efficient  timber 
harvesting.  Increased  recovery  from  lumber  and  wood  product  processing, 
better  utilization  of  logging  residues  and  programs  which  provide  technical 
assistance  to  landowners  and  sawmill  operators. 

Because  of  the  checkerboard  pattern  on  much  of  the  national  forest,  this  has 
made  it  difficult  to  effectively  manage  these  lands.  The  Forest  Service's 
basic  policy  has  been  to  exchange  or  purchase  lands  that  will  tend  to  con¬ 
solidate  or  "block-in"  national  forests.  This  "blocking-in"  helps  to  Improve 
resource  management,  alleviate  access  problems.  Improve  fire  management,  etc. 

Although  forest  management  offers  great  promise  for  widespread  public 
benefits,  it  also  presents  complex  challenges  for  both  private  and  public 
land  managers  in  deciding  how  to  make  the  best  use  of  the  land  for  everyone 
concerned  while  maintaining  a  quality  environment  for  generations  to  come. 
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